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“FAST LINE’ 


WORLD’S ONLY FULLY-AUTOMATED 
PRODUCTION LINE! 

A revolutionary equipment development patented 
by Phileo. Provides unequalled control over all 
production phases. Results in an inherent relia- 
bility possible only through automated produc- 
tion. To you concerned with reliability this means 
a constant output of reliable transistors. 


“PROJECT VIRTUE” 


MOST ADVANCED 
QUALITY ASSURANCE PROGRAM! 

A widely acclaimed 5 million dollar transistor 
reliability assurance program. Surveys quality 
and reliability from initial design to final release 
of the finished product. A key factor in this proj- 
ect is the most advanced test equipment found 
anywhere .. . eliminates all test variables induced 
by operator techniques or errors. To you con- 
cerned with reliability this means the constant 
checking and eliminating of the factors that re- 
sult in unreliable transistors. 


¢ EXPERIENCE 


MORE THAN 500 MILLION 
LOGGED HOURS OF LIFE TESTS! 


Currently, more than two million test hours 
are being run weekly .. . new equipment being 


WHEN YOU REQUIRE RELIABILITY specify transistors having the 
industry’s strongest record of performance and reliability...specify 


=. PHILCO 
Md Famous for Quality the World. Over 


LANSDALE DIVISION « LANSDALE, PENNSYLVANIA 
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installed will run the logged hours of life tests to 
21% billion by 1963! Provides a history of tran- 
sistor operation under maximum stress conditions. 
This is important in determining the effectiveness 
of present production techniques and in develop- 
ing new ones. To you concerned with reliability 
this means that you not only receive the optimum 
in reliability now, but are assured of it in the future. 


RESPONSIBILITY 


EVERY 4TH EMPLOYEE'S SOLE CONCERN 
IS RELIABILITY! 


Right! 25% of our working force is employed full 
time at improving our product. But it doesn’t 
stop there. All personnel including operators, 
engineers, supervisors and managers attend com- 
prehensive training programs designed to educate 
them with the need for reliability and the steps 
necessary to achieve it. To you-concerned with 
reliability this means that we are highly con- 
cerned with it too! 


“BLAST TESTER’ 


THE EXTRA INSURANCE OF 100% TESTING 
OF ALL PRODUCED UNITS! 
Tests and sorts at the incredible speed of 3600 
transistors per hour. To you concerned with re- 
liability this is extra insurance that you receive 
unmatched quality and reliability. 
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ee 
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INDIUM ARSENIDE 


1-MET* 


— MATERIAL ee eee e~ @ : day i Sey 
‘ UN 4 ~  POLYCRISTALLINE SILICON 
CRYSTALLIZE YOUR RARE 


SOLID-STATE DEVELOPMENT =~ <:«4/+ 
WITH A MATERIALS tay” 
RESEARCH PIONEER 


Your profits in the next decade will be greatly benefited by the right choice of supplier of solid-state materials. 
The key question is what criteria to use in making the choice. The simplest, most reliable criterion has to be PAST PERFORMANCE. 


Judged on this basis the Electronic Chemicals Division of Merck & Co., Inc. deserves your attention. In just four short years, it has 
achieved these exclusive major breakthroughs: 


1958 Float zone, vacuum refined, doped single crystal silicon - 1959 Z-Met Thermoelectric materials 
1960 Epitaxial silicon N+ N wafers and Ill-V Compounds - 1961 Epitaxial germanium P+ P wafers 


When you hitch your product development to Merck a\ WAS 
7 Wise ZEE 


materials research you are enlisting a proved pro- 


Clectroni Chemicals Divisi 
ducer. If you want to be the first to exploit new Electronic aire aspennagat eo 


= <= 
ALS 
solid-state materials breakthroughs, join the ranks MERCK &CO.,Inc. - ranway. NEW JERSEY j Ww 
of Merck customers today. Write, wire or phone your a 

needs, problems, hopes. RESEARCH and PRODUCTION FOR BETTER SOLID-STATE MATERIALS 
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From —55°C to + 100°C 


New FAIRCHILD PLANAR silicon 
diodes in guaranteed permanently 
matched pairs and quads feature 
unparalleled stability and passi- 
vated surface Parameters are 
immune to drift and the effects of 
time. 


Send for 12 page catalog. 
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Front Cover 


K&S Model 442 Nail Head Bonder in operation, showing second 
bond being made to geometry on pellet of a semiconductor. Note 
ball at top of first bonded wire. When hydrogen flame-off burner 
severed wire automatically at conclusion of this first bond, a simi- 
lar ball was formed at the lower end of wire extending from auto- 
matic feed. This ball (or nail head) was used to make second bond 
to semiconductor pellet. In an instant after this macrophotograph 
was taken, wire feed nozzle had automatically risen clear of first 
bonded wire’s height and flame-off had automatically severed sec- 
ond wire forming similar balls on each of the severed ends. Equip- 
ment is designed and built by Kulicke and Soffa Manufacturing 
Company, Philadelphia, Pa. 
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FULL TIME ACCURACY 
FOR SEMI-CONDUCTORS 


Barber-Colman, Wheelco 
makes a complete line of con- 
trol systems for semi-conductor 
furnaces. Exacting control ac- 
curacy is first with Wheelco 
instrumentation and depend- 
ability is second nature. These 
leading furnace makers trust 
Barber-Colman, — you can, 
too. Specify Barber-Colman, 
Wheelco instruments on your 
semi-conductor furnaces. 


BTU Engineering Corporation 
C, |. Hayes, Inc. 


Hevi-Duty Electric Company 


Lindberg Engineering Company 


...and many more.manufacturers, 


SEE THE 
YELLOW PAGES... 


BARBER-COLMAN COMPANY 


BARBER Wheelco Industrial Instruments Division 


COLMAN Dept. R, 15144 Rock Street, Rockford, Illinois, U.S.A. 


BARBER-COLMAN of CANADA, Ltd., Dept R, Toronto & Montreal * Export Agent: Ad Auriema, Inc., N.Y. 
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NOW! FROM SYLVANIA! 


GALLIUM 
ARSENIDE 


and 6 chemicals for 


:PITAAIAL 
GROWTH 


Sylvania announces the availability of polycrystalline and Now Sylvania becomes the only supplier of germanium, , 
monocrystalline gallium arsenide. silicon, gallium arsenide and the epitaxial chemicals: 
In addition, Sylvania announces the availability of needed for semiconductor device manufacture. 
germanium tetrachloride, germanium tetrabromide, ger- Want more facts on how these materials can help yous 
manium tetraiodide, silicon tetrachloride, silicon tetra- produce the most advanced devices? Or a quote on! 
bromide and silicon tetraiodide. Each carries with it the the materials themselves? Just write Chemical &: 
assurance of ultra-high uniformity and purity that marks Metallurgical Division, Sylvania Electric Products Inc., 
all Sylvania semiconductor supplies. Towanda, Pennsylvania. 
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REDUCE COSTLY KERF LOSSES 


in slicing semiconductor material... 


Now...switch to 3%” diameter diamond wheels 
to slice 1” diameter crystals on 


(Wbivroneh 


featuring the TYPE 2 
CARTRIDGE SPINDLE 


WAFERING 
MACHINES 


Micromech's newly-designed Type 2 Car- 
tridge Spindle permits the use of thin- 
ner; smaller-diameter diamond wheels 
for slicing germanium and silicon. Pro- 
vides top wafering efficiency with 
wheels of all sizes, too! 


This specially-enginered spindle 
mounts a 314‘ diamond wheel in 
place of the usual 5‘ wheel to 
give from 40% to 100% 
slices per 1‘‘ diam. crystal... re- 
duce kerf loss by 28% to 47%! 


more 


Micromech’s thinner blades in 3 12 “’ 
diameter size can save from .004" 
to .009"' per slice...add up to 
savings of $200.00 a day! 


Moreover, the 31%‘ wheel allows 
cutting speeds up to 3“’ per minute 
. . increasing production while 


decreasing loss of material. 


Type 2 Cartridge Spindle is now 
standard on Micromech mechani- 
cal and hydraulic automatic wafer- 
ing machines. Write today for de- 


tailed information. 


FOR QUALITY CONTROL — 
Micromech Optical Orientation System 


This easy-to-operate system produces accurate vis- 
val patterns for identification of principal planes of 
any single crystal material, No interpretation or 
correlation data needed. Operator need not be 
technically trained. Transference of aligned crystal 
from orientation base to wafering machine table 
allows accurate cutting of crystal on plane to which 
it was aligned. Self-contained low-cost unit requires 
only 2 sq. ft. of table space. 


Micromech Diamond Wheels 


Micromech stocks 314%‘ diamond wheels for the economical and 
fast slicing of all semiconductor materials, 


Wheels also available in other popular and odd sizes, DIT and 
DITRS types. Precision manufacture to close tolerances assures 
accuracy of cut and long life. 


Send for free technical data 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


695 Rahway Avenue Union, New Jersey MUrdock 7-3200 
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AO Stereo Microscopes 
lick unusual assembly problems 
at Fairchild Semiconductor 


A typical assembly line at Fairchild Semiconductor Corporation’s silicon 


a 


transistor plant in Mountain View, California. 


Fairchild Semiconductor Corporation, one of the nation’s largest manufacturers 


of semiconductor products and 


electronic components, needed microscopes, 


hundreds of them, for the assembly of their extremely small component parts. 
But they had specific problems to overcome, such as extreme temperature 
changes, rough handling and operator fatigue. Let their transistor Plant Man- 
ager, Mr. Charles Sporck, tell you, in his own words, how these problems 


were solved. 


If you are faced with any kind of production, assembly 
or inspection problem which can be helped by the use 


of Stereoscopic Microscopes . . 
complete line available in Amer 
hundred different models you’l 


Mr. Sporck, one that exactly fills the bill for you. Cou- 
pon below brings complete information. 


American Optical 


Company 


SPENCER 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


“The optical and mechanical design of our Amer- 
ican Optical microscopes (AO Series 27 Stereo Micro- 
scopes) allows our assemblers to work with them for 
a longer period of time, without the normally pre- 
valent operator fatigue. They stay in collimation 
better through the rough handling and severe tem- 
perature cycling, common to our production. We 
also like their ease of maintenance which enables us 
to perform all routine adjustments and repairs in 
our own plant’’, 


. ask to see the most 
ica today. From over a 
1 be sure to find, like 


Dept. T266 


Please send 32 page Color Brochure SB56 on | 
American Optical Stereoscopic Microscopes and 


accessories. 


Name 


Address 


City Zone State 


IN CANADA write—American Optical Company Canada Ltd., Box 40, Terminal A., Toronto, Ontario.’ 
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Book 


TITLE: Industrial Electric Furnaces and 
Appliances, Second Edition 


AUTHORS: V. Paschkis and John Persson 


PUBLISHER: Interscience Publishers, 


New York 


This book begins with the incontro- 
vertable statement that “One kilowatt 
hour—of electrical energy—is the equiva- 
lent of 3413 BTU.” The remainder of the 
book exploits the ramifications of this 
fact as this pertains to the industrial 
heating of materials. The fact that so 
much industrial processing is dependent : 
on elevated temperatures in order to 
achieve certain physical, chemical, or 
physical-chemical consequences strongly 
underlines the situation that our engi- 
neering schools give all too little emphasis 
to the design and principles of operation 
of the primary tool of heat treatment, the 
furnace. On the other hand, here is one 
discipline where with an average Bache- 
lor’s Degree in almost any field of engi- 
neering, a man may become relatively 
“an expert” by application to a book 
such as the subject of this review. The 
subject matter in this case is sufficiently 
simple that self-study is a practical pur- 
suit which should yield to any engineer 
who has a heating process under his pur- 
veyance a quick technological and eco- 
nomical advantage. 

An initial chapter of about 100 pages 
on heat transfer with emphasis on con- 
duction, convection, and radiation and 
how they may be used to heat a furnace 
charge is boiled down to charts from 
which one may lift quantitative facts 
about surface temperature vs. center tem- 
perature of the work, heat losses through 
furnace walls, temperature distributions 
in furnace walls, etc. This section is lib- 
erally illustrated with sample calcula- 
tions using these charts. A chapter on are 
furnaces is well presented but is prob- 
ably of little interest to people in the 
semiconductor industry. On the other 
hand, the chapter on resistance heating 
is of great value as is the portion on in- 
duction and dielectric heating. 

An effective presentation is made 
throughout, also, on the subjects of tem- 
perature controllers, conveyorizing, and 
the economics of furnace selection and. 
operation. 

This book is strongly recommended as 
text and reference. 


By George Freedman 
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LE: An Outline of United States 
ent Law 


JTHORS: Richard Brink, Donald Gip- 
, Harold Hughesdon 


BLISHER: Interscience Publishers, 


n Outline of United States Patent Law 
a very useful and basic book for the 
ign engineer and engineering execu- 
ve. All too often the legal aspects of 
ineering are overlooked, especially in 
ent work. 
The usefulness of a patent law book to 
= engineer rests solely in the presenta- 
m of material and in that respect this 
lume is excellent. 
The material is divided into nine chap- 
rs, each pertaining to a special aspect 
'patent law, e.g., preparation of an ap- 
ication, filing, interference, review of 
cisions, etc. 
A very novel question and answer tech- 
que is used to introduce the concept 
a patent in Chapter I. The next chap- 
r modifies this technique by eliminat- 
g the questioning and describing the 
ocedures and requirements necessary 
prepare an application. In a similar 
anner filing, modification and interfer- 
ice (priority of claim determination) are 
vered in the next chapters. The margin 
tes along the text refer to paragraphs 
Title 35 of the United States Code re- 
rding patents. 
Fully half of the book is devoted to an 
‘tensive bibliography consisting of four 
ypendices referring to; Title 35 of the 
nited States Code, Rules of Practice, 
tation of Law and Foreign Practice. 
any classifications of the law are pre- 
nted and a very complete index com- 
etes the work. 
An Outline of United States Patent Law 
an excellent, well-written guide to the 
nited States Patent system that should 
» included in the library of every de- 
m engineer. 


By Stephen E. Lipsky 


(Continued on next page) 


HI-PURITY...HARD-DENSE 
CARBON and GRAPHITE for 


@ PROVIDES OUTSTANDING 
OVEN LIFE 


@ RESISTS OXIDATION AND 
MECHANICAL EROSION 


The Pure Carbon Company has com- 
plete facilities for the precision man- 
ufacturing of all types of boats and 
fixtures in *Grade L-56 and other out- 
standing materials. We have also pio- 
neered the manufacture of small, 
extremely accurate emitter and collector 
washers, header weights, etc., in ** Grade 
P-1. 

“The most widely 
used electro-graphite 


in the semi-conduce 
tor industry 


** Molded - to - size carbon 
graphite with dense, smooth 
surfaces and chip-free edges 


@ 


EMITTER and COLLECTOR WASHERS 


YL, 


Sectional view of 
typical configuration 
shown 20X size 


Write for complete information and. quotations 


PURE CARBON COMPANY, INC. 


449 HALL AVE. ST. MARYS, PENNSYLVANIA 
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Book Reviews 


Another “impossible” job pare 
done by the Airbrasive-.. 


.. cutting semiconductors 


TITLE: Noise In Electron Devices 


AUTHORS: Edited by Louis Smullin an 
Herman Haus 


PUBLISHER: The Technology Press = 


abrading + cutting » deburring + stripping + drilling » cleaning + scribing = arr, and John Wiley & Sons 


Noise In Electron Devices is one of . 
series of excellent books published by th 
Technology Press of M.I.T. and represent 
the contributions of many authors, eac 
an expert in his field of specialization. 

Noise can be basically divided into twe 
types, the Shot or Johnson noise ance 
Flicker noise. Of the two, the shot noise 
phenomenon is the better understood 
Chapter I is devoted to an analysis of sho) 
noise from Thermionic cathodes. Th 
temperature-limited diode is carefully 
analyzed and the formulation of th 
smoothing factor is developed. High fre: 
quency emission noise (non-negligible 
transit time) and smoothing factors ar 
also discussed in detail. 

Chapter II, written by A. Van der Zie 
is a detailed discussion of the Flicke 
effort or noise over and above shot nois 
as found in vacuum tubes at low frequen- 
cies. A characterization of the noise is 
made for two terminal networks (diodes? 
; . ee and for active four terminal networ 

(triodes, pentodes, etc.) The Schottky 
Hughes cuts fancy figures in silicon, ioory at dick heise sinied Saal 


analysis of this type of noise in triodes: 


Reports “‘Airbrasive is the only fool penta ood aeoonars- ona aE 


The book next discusses noise propa-~ 
. 133 gation along electron beams in chapte 

capable of handling the DrOCeSsS: III and as a logical outgrowth develops 
the noise characteristics of grid-contro. 

tubes in chapter IV. The fifth chapter 


Hughes Aircraft uses the Industrial Airbrasive linked to a pantograph written by R. W. Peter, discusses low- 
to cut intricate patterns and shapes in semiconductor wafers. And noise traveling-wave tubes in a very 
; ; ; ‘ complete and detailed analysis. The las 
what’s more they are doing it accurately and with complete safety two chapters, Visand/VIl are anosteeae 
to the fragile part. esting to the solid-state electronic circui 
The secret of this unique tool is a superfine jet of abrasive particles designer since they comprise one of the 


and dry gas, directed through a carbide nozzle. The resulting cutting best presentations of the noise problems 
in semiconductors and transistors. 


action in hard brittle materials is cool, rapid, precise, and completely Noise In’ Electron Devices is sneer ee 
shockless. lent, authoritative textbook providing « 

The Airbrasive is being used to solve hundreds of seemingly good source reference to many funda- 
impossible jobs... precision deburring...to remove surface deposits mental noise concepts and problem sol¥= 


: 5 Me ; : : tions. 
.form and adjust microminiaturized circuits...cut glass, germa- 


nium, tungsten, ferrites, and others. 
Low in cost too. For under $1,000.00 you can set up your own 
Airbrasive cutting unit! 


Send us samples of your “impossible” jobs and we will 
test them for you at no cost. 


- SEND FOR BULLETIN 6006...complete information. 


Lihie 


s. S. White Industrial Division 
Dept. 31A, 10 East 40th Street, New York 16,N.Y. 


By Stephen E. Lipsky 


New dual 


1135 | 
Model D! | 
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Book Reviews 


(continued) 


TLE: Electronic Processes in Solids 


UTHOR: P. D. Aigrain, R. J. Coelbo, G. 
scarelli 


JBLISHER: Technology Press of M.1.T. 
id John Wiley & Sons 


Electronic Processes in Solids is a series 
| notes based upon eight lectures given 
y Dr. Aigrain, a visiting professor of 
ectrical Engineering at M.I.T. The book 
as prepared by Drs. Coelbo and Asca- 
lli from their notes. 

This book is a remarkably readable 
‘esentation of Atomic Physics oriented 
the solid state processes as ultimately 
yplied to semiconductors. 

The book proceeds with a consideration 
the electron core structure of a crystal 
ttice. The crystal Hamiltonian is pre- 
mted and the Born-Oppenheimer ap- 
-oximation is used as a first step solu- 
on. The Schrodinger equation for the 
mplified Hamiltonian is next solved. The 
athematics here are quite involved and 
ie authors presuppose a more than fun- 
amental reader background. 

‘The book continues to develop the elec- 
conic wave equations and introduces 
mduction theory. The concepts of elec- 
‘on motion and “hole” motion are cov- 
red quite well by comparison to simple 
iechanical analogues. (p. 30). 

A variety of other topics are well 
‘eated. Transport theory is presented in 
lementary form in Section 10. Photon 
sattering of electrons and non intrinsic 
sattering mechanisms are studied in 
ections 12 and 14. The book concludes 
ith a treatment of High-Field conduc- 
on phenomena in the last section. 
Electronic Processes in Solids is an ex- 
elient book well recommended to the 
hysicist and advanced engineer. The 
oncepvts are well presented and analyzed. 
his book will undoubtedly be useful in 
graduate study of semiconductor phys- 
*s and is well recommended to the seri- 
us student. 


By Stephen E. Lipsky 


TER TRONIACIYPE S43 


SEMICONDUCTOR- * = 
DIODE TEST UNIT *© | 


i 

! for displaying both forward 
and reverse switching characteristics of 
semiconductor diodes. 


omer 
wee 
— 


‘ 
4 
=i 
se sen 


“_’ . . 
--‘4' Typical Diode Reverse-Recovery Curves 
Soe 


0.1 wsec/cm 2 usec/cm 


Ip—10 ma. IR—2, 1, 0.5, 0.2, 0.1, 0 ma. 


aie ee ae 
A eS Oe es PRR 
48 alesse 


° CL” = ae 


0.02 usec /cm 0.5 usec/cm 


Ip—1, 2, 5, 10, 20 ma. IR—2 ma. 
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-- 2) Typical Diode Turn-On Curves 


0.02 usec/cm 
Ip—1, 2, 5, 10, 20 ma. 


0.02 usec/cm 
Turn-On—Magnified. 


Note: The above 6 waveform photos are multiple exposures. 


The Type S Plug-In Unit* enables you to determine: 
Effective lifetimes to 2 nanoseconds 

Stored charge to 10 picocoulombs 

Junction capacitance to 2 picofarads 

Base resistance to 0.25 ohm 


Parameters measured from the curves can be used to predict the be- 
havior of many diodes in many circuits, as well as compare diodes for 
performance in a particular circuit. 


Type S Plug-In Unit...... (PrICO: Fi Osi Bs EACIOLY) 5 ara.nis png wisn koa» eevee w vib $250 


* Intended for use with your Tektronix Type 540- or Type 550- Series Oscilloscopes— 
or your Type 581 or Type 585 (with Type 81 Adapter). 


For a demonstration of the Type S Unit call your Tektronix Field Engineer. 


die edad Inc. 


P.O. Box 500 Beaverton, Oregon Phone Mitchell 4-0161 TWX--BEAV 311 Cable: TEKTRONIX 
TEKTRONIX FIELD OFFICES: Wu erque, N Mex. « Atlanta, Ga. « Baltimore (Towson) Md. « Boston (Lexington) 
Ma Ree ebin NV. REMEEEEROOrR e) Ill. « Cleveland, Ohio « Dallas, Texas « Dayton, Ohio * Denver, Colo. « Detroit 
(Lathrup Village) Mich. « Endicott (Er \dwell) N.Y, « Greensboro, N.C. « Houston, Texas Jianapolis, Ind. * Kansas City 
(Mission) Kan. « Los Angele ( lif. Area (East L.A. « Encino « West L.A.) « Minnear ‘ .* Montreal, Qt Canada 
New York City Area (Alberts _ Ld, N.Y. © Stamford, Conn. « Union, NJ.) » Orlando, lot 

(Scottsdale) Ariz » PGNEHREET ie, N.Y. © San Diego, Calif. « San Frar Palo Alta) Calif. « St : 

N.Y. ¢ Toronto (Willowdale) Ont., Canada « Washington, D.C. (A indale, Va 

Lie ama ENGINEERING iting bed Ha rne tror , Portland, Oregon « Seattle, Washington. 


Tektronix is represented in twenty ove Mietened engineering 
In birch please write Tektronix ies Wictoria Ave., 
Tektronix Representative in your country. 
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To be considered truly hi-fi, an amplifier’s distortion at 
rated output should not exceed 1% at 20 CPS and 20,000 
CPS. B&A® “Electronic-Grade’’ Chemicals meet stand- 
ards far higher than these. Their maximum allowable 
impurities are limited to ten thousandths, even millionths 
of a percent. 

These standards of purity are pre-determined—estab- 
lished by B&A quality control and development scientists 
to meet the electronic industry’s rigid chemical require- 


llied 


BAKER & ADAMSON® 


**Electronic-Grade’”’ Chemicals 


hemical 


Bo 


ments. In achieving these electronic-grade standard: 
Baker & Adamson consistently holds impurities at tk 
lowest limits ever attained. 

B&A has led the way in chemical purity since 188% 
Today it is the largest supplier of high purity chemica: 
to the electronic industry. Our nation-wide network o 
shipping points provides same or next day delivery 1 
most electronic centers. When specifying chemicals, re 
on B&A to supply the finest . . . fastest. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N.Y. 
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[he Untouchablés 


3 pecify Crucible Charges of Pre-packaged single piece crucible charges . 
E in sizes and weights to meet the exact require- 
Deposited Hyper-Pure Silicon 


ments of your Czochralski crystal growing equip- 
ment . . . are now available from Dow Corning. 


Accurately Pre-weighed, these single piece 
crucible charges assure easy handling . . . small- 
est surface area... highest purity . . . an excep- 
tionally clean melt and a savings in crucible costs. 


High Quality is inherent in Dow Corning cru- 
cible charges. The deposited polycrystalline sili- 
con in these charges has never touched a mold. 
Result — highest purity. 


This High Purity means consistently higher 
quality crystals — simplifies doping procedures 
— increases device yield. Typical resistivity of 
N-type crystals grown from Dow Corning pre- 
packaged crucible charges is greater than 100- 
ohms centimeter for 80% of the crystal; maxi- 
mum boron content, 0.3 parts per billion atoms; 
maximum donor impurity, 2.0 parts per billion. 


Now You Specify the Weight and Diameter, 
up to 38 mm (about 114”), best suited for each 
crucible of your Czochralski crystal growing 
machines. Your crucible charges will be supplied 
in the appropriate length to provide the exact 
weight you require in just one piece. 


Protective Packaging guards initial deposited 
purity right through crucible charging. Charges 
are individually wrapped in special cellophane, 
and sealed in airtight polyethylene envelopes 
to assure untouchable purity. 


Whatever your need — deposited silicon crucible 
charges; polycrystalline rod or chunk; high 
resistivity P-type single crystal rod; single crystal 
rod doped to your specifications — Dow Corning . 
should lead your list of sources. 


Profile of visa Grown ae Pre- eee rege 


1000 py 


MoM 


OH. 


RESISTIVITY 


1 ti ER a OS 
9 5 10 Ss 20 
MILLIMEVERS FROM SEED END 


EE aie ae aia HYPER-PURE SILICON DIVISION 
Devices.” Write Dept. 1818. Address: HEMLOCK, MICHIGAN 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, 0.C. 
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Plus or Minus 1° Centigrade... 


That’s the temperature uniformity a user reports he has attained 
in a Hevi-Duty Tube Furnace engaged in silicon wafer production 


Temperature uniformity is tough to achieve. Yet, a 
Hevi-Duty user reports that his 22-inch-long, 2-inch 
I. D. furnace has only a +1°C. temperature variance 
over 10 inches of furnace length at 1275°C. 


Temperature uniformity — so important to pro- 
ducers of semi-conductor products — has been impor- 
tant to Hevi-Duty for years. Attention to this factor 
has paid off. It has made Hevi-Duty the respected 
furnace name in the semiconductor industry. 


Whenever critical temperatures must be met, you'll 
find Hevi-Duty equipment. For years, the largest 
semiconductor manufacturers have used Hevi-Duty 
furnaces and ovens for zone refining, crystal growth, 
alloying, lead attachment, surface treatment and 
encapsulating. 


YN 
This special Hevi-Duty furnace assembly is designed for 
alloying transistors. An automatic saturable reactor tem- 
perature control system is built into the base. A preheat 
furnace operates at temperatures to 2200°F while the two- 
zone high-heat furnace operates at temperaturs to 2600°F. 


These two furnaces are being used success- 
fully for the diffusion of silicon wafers. 
Boats are preheated in the small furnace 
to the right and then placed in the three- 
zone high-heat furnace. The cabinet con- 
tains saturable reactor controls that auto- 
matically maintain correct temperatures in 
each furnace. 


Your Hevi-Duty sales engineer will show you how 
these proven furnaces and ovens can meet your needs, 
or write for Bulletin 459. 


HEVI-DUTY | 


a eee I. | bu 
Electric and Fuel-Fired Basic Products 
Industrial Furnaces and Ovens Corporation 


Hevi-Duty Electric Company, Milwaukee 1, Wis. 


A Division of 
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Zone refining is accomplished in this special tube furnace 
with a 3-inch IJ. D., 4-inch-long heating chamber. The fur- 
nace operates at temperatures to 2200°F and can be easily 
adapted to move along a track for either crystal growth or 
zone refining. WwW 


ingot : after 


i 
‘ 
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MONSANTO SILICON is being pro- 
duced in this modern multimillion- 
dollar plant—backed by a 60-year 
tradition of ‘‘tailoring’’ materials to 
critical specifications. 


Here, too—and at other R&D facilities 
—Monsanto Scientists and Technolo- 
gists are developing promising new 
semiconductor materials and process- 
ing advances — including new poly 
and single crystal intermetallics. We cordially invite your inquiries. 


ngle crystal MONSANTO SILICON — fleat-zone- 
ined with parameters precision-tailored to customers’ 
acifications—assures these advantages: 


» Extremely flat vertical and horizontal resistivity profiles 


» Excellent crystal structure—no slippage or lineage 


= Boron level in n type crystals less than 0.25 ppbD—for pce cect me ee Use the handy coupon -—— 


minimum compensation effect MESANTO CHEMICAL ROMPANY 


5 Inorganic Chemicals Division 
» Uniform radial and vertical dislocation density Electronic Chemicals Dept. 4213 
’ St. Louis 66, Missouri 


Monsanto 


» Low oxygen content—less than 1 x 101° atoms per cc. Please send me: |_] Monsanto mono- and polycrystalline silicon 
specifications. {| Information about new intermetallics. 

» \Iniformly tight diameter control 
NAME 
COMPANY 


yw your own? Find out how Monsanto micropure poly- 
stalline silicon can help boost your ingot yield. Boron STREET 
ytent guaranteed less than 0.25 parts per billion 
pically less than 0.15 ppb). 
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GEPY x peat Seatasy sro pace ZONE STATES 


DD LOIS 


Now put your fingers on top-quality welded assemblies 
for semiconductors... by the millions! 


Whatever you need in cup-to-lead and disc-to-lead mum ease—even if your assembly is a miniature part.. 
semiconductors assemblies —and no matter whether Jj : ea nat Akg ten 7 
they call for inside or outside welds —you can now ue a eae PbS g toe oe ten st fas mE 
obtain them from Sylvania at the rate of millions OF DIBA Speed Ope eNO nS eye contra’ 
k! that marks all Sylvania semiconductor parts assures % 
per week: 
better end-product performance. 


Here’s why: Sylvania has just opened new production 


facilities that expand our capacity for automatic, Before you buy or specify, be sure you have a quote : 
semiautomatic and manual welding operations. These from Sylvania. For prices plus experienced engineer- : 
facilities can handle Dumet, Kovar, stainless steel, ing assistance, write Sylvania Electric Products Inc., | 
copper, “52 alloy” and other materials with maxi- Parts Division, Warren, Pennsylvania. 


See ee. 


GENERAL TELEPHONE & ELECTRONICS “E=) 
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AT GRACE ELECTRONICS the pledge of high 
quality Silicon meeting your specifications is not 
a promise without meaning. The reason: Per- 
fection is standard at Grace! 


The fact that nothing is left to chance means 
greater yields per pound from Grace Silicon. 
Impurity levels are kept to a minimum throughout 
the process, resulting in bulk and monocrystalline 


- 
— 


GRACE ELECTRONIC CHEMICALS, 


Subsidiary of W. R. Grace & Co., 101 N. Charles St., Baltimore, PL 2-7699 » West Coast Rep.: Chaffin & Assoc., Los Angeles, San Francisco, DU 5-3955 


silicon with boron content as low as 0.1 ppb. 
This means minimum compensation and therefore 
superior device characteristics for you. 


Grace Silicon is available in all grades and 
forms. Bulk: Grades I, II and III; P and N type. 
Grace Float Zone and Czochralski monocrystals 
from 0.1 to 1000 ohm-cm. Polycrystalline rods. 
Monocrystalline slices. Write today for details. 
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HIGHER TEMPERATURE HIGH VACUUM OVEN 


New and now available to industry—a low cost, high tem- HIGHER TEMPERATURES 
perature, high vacuum bake oven. Tri Metal’s 0-8 oven Up to 800°C. 
operates at 800°C while maintaining pressures as low as BETTER UNIFORMITY 


1 x 10-6 mm Hg. : : 

The 0-8 achieves temperature uniformity of 3° at 0 to 800°C Plus or minus 3°C. 

and is the low cost oven that functions perfectly at LESS MAINTENANCE 
temperatures above 250°C and pressures on the 6th scale Low-Cost, Neoprene “0” ring gaskets 
without custom modification. guaranteed one year. 


Tri Metal’s new oven not only saves you money at pur- 
chase time, it is also extremely economical to operate and Slee HEAT UP 
easy to'maintain. 500°C in 23 minutes. 


No water-cooling of the door is required. Accepts bench or CLOSER CONTROL 


dry box mounting. 1/C Thermocouple INSIDE the work zone. 
Tri Metal Works has been engaged in the custom fabrica- HIGHER VACUUM 
tion of high vacuum components and equipment for leading 1 x 10-6 Torr (mm Hg) @ 500°C 


manufacturers and users since 1946. You are invited to see 
a demonstration of 0-8 in our plant laboratory. Call or COOLER EXTERIOR 


write for appointment. All surfaces cool to the touch. 


INDUBTRIAL DIVISION 


TRI METAL WORKS INC. 


For a Free Detailed Brochure Write To: 

TRI METAL WORKS INC., Industrial Division 
1600 Bannard Street, East Riverton, New Jersey, 
or Phone 829-2000. 

A PARTIAL LIST OF CLIENTS: RCA/Westcrn Electric Co. 
Tullahoma Air Force Base /General Electric Co. /Clevite Corp. 
Union Carbide-Nuciear Div.—Oak Ridge / Burroughs Corp. 
Princeton University / University of Virginia/F. J. Stokes Corp. 
H. W. Butterworth—Div. of Van Norman Industries / Drever Co. 


*terminology recommended by Standards Committee of American Vacuum Society 
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WE VE INCREASED 
ee 
FLOOR SPACE! Semimetals’ new plant means 


| is greater capacity for you. Instead of expanding your own 
: crystal-growing facilities, bring your. requirements to us. We 

specialize in germanium monocrystals, zone-leveled or : 
Czochralski, with standard or special dopants. All you do 
is specify resistivity, type, and dislocation density: - 
we manufacture the crystals and deliver right on schedule. 
Standard germanium monocrystals in (111) orientation in 
2-5,000/cm’, 4-8,000/cm’, or 6-12,000/cm’ dislocation ranges. 
Other orientations or lower etch pit densities on special 
orders. And IR, too: lenses, windows, domes.. 
cast or monocrystal. For prompt delivery, call or ae us 
at our new address: : 


EMIMETALS, INC. 


172 Spruce Street + Westbury, L. I.,N.¥. * EDgewood 3-8400 
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Prove to yourself that 

Alpha base tabs eliminate 
semiconductor device failures 
caused by faulty ohmic contact. 


See what happens when you place a lighted match beneath 
a piece of Alpha coated strip. Notice that, even when liquid, 
the strip’s Continuous Conductive Coating* clings to the 
base metal in a smooth, uniform layer. 

Next, using a bit of sandpaper, try removing the solder 
coating... Observe that coating and base have not sepa- 
rated during the heating operation. The reason? Alpha’s 
Continuous Conductive Coating process insures a perma- 
nent, metallurgical bond between the solder and base metal! 

As a result, for the first time, it is possible to produce 
coated strip with the following unique advantages: 


1. Coatings ranging in thickness from .0005” to .004” can 
be applied. 


2. These coatings can be added to the base metal’s entire 
surface or just a part of it. This latter feature frees one 


or both ends of the tab for welding to the base } 
without the danger of solder splatter! 


3. The base metal can be supplied in all tempers. 


4. A large variety of alloys containing n or p type dopj 
can be applied to a wide range of base materials, 


Another advantage of this process is that it produc 
uniform coating thickness. This is an important featun 
safeguarding alignment of the dice on the base tabs, 

electrical resistance and reliable mechanical stability 

a result, you enjoy better in-process control of base¢ 
soldering; positive ohmic contact is assured! ! 

See if you don’t agree that Alpha coated strip can 

your semiconductor device costs. Make the match 1 
Write for samples of Alpha coated strip. We’ll also s: 
you free Alpha Technical Bulletin No. 107, “Alloy Coe 
Metals.”’ Act now! *Pat. appli 


In Los Angeles, 
2343 Saybrook An 


In Chicago, Ill.: 


WHEN DEPENDABILITY COUNTS! 


ALPHA METALS, INC. | 's‘ticaso, tits 
56 Water St., Jersey City 4, N. J. 2250 S. Lumber St} 


Other Alpha products: High purity dot materials — spheres, discs, cylinders, cubes, drops,, 
ers, rings and special shapes fabricated to your requirements. 
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MANN PRECISION PHOTOREPEATER FOR STEP AND 
REPEAT PRODUCTION OF TRANSISTOR PHOTO-MASKS 


For more than a year, the transistor industry has 
looked to the David W. Mann organization for photo- 
masks meeting the highest precision standards of di- 
mensional accuracy. Now, the same equipment that 
Mann developed for photo-mask production is offered 
to transistor manufacturers on either an outright 
purchase or lease basis. 

The advantages: Cost and time savings when new 
masks are needed; Convenience in experimenting with 
new types of masks; Complete proprietary security. 
Consisting of a two-coordinate comparator coupled 
with a control unit, the Photographie Exposure 
Repeater provides extremely exact positioning of 
patterns to an accuracy of 1 micron (.00004 inches), 
exact focusing and precise ratio of reductions. 


A programming mechanism, capable of performing 
various combinations of step and repeat operations, 
makes exposures automatically. Or, the equipment 
can be used manually to make specially spaced 
exposures, 

A three-pin plate positioning mount is furnished, so 
that an aligned series of plates may be accurately 
positioned and exposed. A mask use fixture of iden- 
tical configuration makes it possible to insert a series 
of photo-masks and produce precisely aligned succes- 
sive exposures of the semiconductor material. 

The Exposure Repeater is available in three basic 
models — Industrial, Research and Manual — one 
of which will meet your particular requirements at 
minimum cost. Write or phone for complete details. 


DAVID W. MANN COMPANY 


A DIVISION OF GEOPHYSICS CORPORATION OF AMERICA 
LINCOLN, MASSACHUSETTS e CLEARWATER 9-8015 
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IN ELECTRONIC MATERIALS 


IN ANALYTICAL SERVICES 


IN APPLICATIONS RESEARCH 


WHEREVER 


THE ROLE OF 
METALLURGY 
IS CRITICAL 


ELECTRONIC METALS and ALLOYS, inc. 


IS CREATING A NEW ORDER OF RELIABILITY 


FOR THE ELECTRONIC INDUSTRY 


PRODUCTS DIVISION 


The widest selection of ultrapure 
metals and alloys featuring opti- 
mum homogeneity of dopant dis- 
tribution within the matrix of the 
parent metal. 


Such alloys as aluminum-boron, 
indium-germanium, tin-arsenic, sil- 
ver-phosphorous, lead-aluminum 
are precisely fabricated into any 
complex geometry required, includ- 
ing spheres, clad parts, rings, pel- 
lets and many other forms. 
Precision plating facilities are 
available for microwave and semi- 
conductor applications. 


For information on all of E.M.A.'s products and services, call or write: 


60 Arsenal Street, Watertown 72, Mass., telephone WAlInut 6-0400 


ANALYTICAL SERVICES 
DIVISION 


Comprehensive analytical services 
offer you complete and trace ele- 
mental analysis. 

Spectrochemical Analysis: 
Qualitative and quantitative analy- 
sis using emission and absorption 
techniques with the most modern 
equipment. 

Chemical Analysis: 

Complete gravimetric and volumet- 
ric analytical facilities. 
Metallographic Analysis: 
Comprising the latest techniques 
and instruments for comprehensive 
metallographic service. 
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APPLICATIONS ENGINEERING 
DIVISION 


Let E.M.A. help you solve your 
metallurgical problems. Alloy de- 
sign, fabrication, cost reduction, 
physical tolerances, wetting and 
firing problems; these are all areas 
where Electronic Metals and Al- 
loys, Inc. can help keep you in the 
forefront of the fast moving elec- 
tronics industry. 

Wherever new materials, methods 
or .concepts are needed, E.M.A. 
helps you meet the challenge of 
today’s market by providing to- 
morrow’s materials technology. 


lectronic 
eta ls and 
Lloys ine. 
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TRANSISTOR AND COMPONENT TESTER 
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Fast, Simplified Programming 
With Punched Cards 


MAXIMUM VERSATILITY AYE ECONOMY 


taCt BuiLDING-BLOCK DESIGN GIVES YOU BOTH! 


TACT is a universally applicable transistor 
and component tester that will meet both pres- 
ent and future requirements without undue 
investment. It is a sequentially controlled sys- 
tem which advances through as many as 24 
test parameters, applying pre-programmed 
test limits and visually reading out and/or 
recording measured results. Time-proved test 
circuitry is combined with punched-card pro- 
gramming to produce a highly accurate sys- 
tem of high sequential testing speeds. 


TACT systems won’t become obsolete—can 
be expanded to accommodate future tests or 
extended to testing printed circuit boards, 
modular circuits, etc. 


ve) 


High Testing Accuracy results from reduction 
of readout and signal cable leakage and inter- 
ference. Test circuitry cabling has been re- 
duced to approximately one-tenth of other 
designs offering similar testing capabilities. 


Repeatability of Testing is maximized by 
punched-card programming and remote con- 
trol of common test circuitry. Program cards 
can be retained and used indefinitely, assur- 
ing high repeatability and a permanent record 
of test conditions. 


Nontechnical Personnel can operate TACT 
systems with minimum training. Reprogram- 
ming can be accomplished in minutes without 
circuit board or plug-in unit changes. 


APPARATUS DIVISION Lf TEXAS I N ST RU M EN TS 


PLANTS IN HOUSTON 


AND DALLAS, TEXAS 
® 


INCORPORATED 
3609 BUFFALO SPEEDWAY 
P. O. BOX 6027 HOUSTON 6, TEXAS 
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COMINCO 


ULTRA-PURE 
METALS AND 


ALLOYS 


ALUMINUM 
ANTIMONY 
ARSENIC 
BISMUTH 
CADMIUM 
GOLD 
INDIUM 
LEAD 
S/LVER 

TIN 

ZINC 


* 


COMPOUND 
SEMICONDUCTORS 


INDIUM 


ANTIMONIDE 


*« 


STANDARD 
FORMS 


INGOTS 
BARS 
RODS 
RIBBON 
SHEET 
SHOT 
POWDER 
WIRE 


* 


PREFORMS 


DISCS 
DOTS 
SQUARES 
SPHERES 
WAFERS 
WASHERS 


*« 


CHEMICALS 


SALTS 
SOLUTIONS 


(507 


ELECTRONIC 


MATERIALS 


| © Welch Scientific Co., Chicago, I. — 


Ps 
We 


When you specify 
COMINCO INDIUM ANTIMONIDE 


you can get: 


plus 


plus 


— Electron Mobilities up to 700,000 cm?/volt — sec (78°K) 
— Net Carrier Concentrations from 10! to 10!8 cm=3 (78°K) 
— Single and Polycrystalline forms doped to your specifications 


— Shapes as versatile as your needs — circles — rings — rectangles — 
bars — made to precise tolerances 


SPECIAL PACKAGING 


To prevent in- transit damage to electronic properties, ingots of Comineo 
Indium Antimonide are sealed in polyethylene and shipped in shock- 
proof containers. Fabricated shapes are suspended in an inert liquid. 


RESEARCH SERVICE 

Our research and development program is continually expanding the 
range of Cominco Indium Antimonide products you can order. We 
invite your enquiries on advance specifications. 


Contact COMINCO first for the widest range of high quality 


INDIUM ANTIMONIDE products available. 


Write to: 


COMINCO PRODUCTS, INC. 


ELECTRONIC MATERIALS DEPARTMENT 
Spokane, Washington 


933 W. Third Ave. Phone: Riverside 7-7103 


TWX: SP311 
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SEMICONDUCTOR DIODE SOURCE BOOK 


WATCH FOR ANNOUNCEMENT 
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Editorial... 


Infrared Semiconductor Emitters 


At the recent Second International Confer- 
ence on Quantum Electronics (Berkeley, Calif., 
April 1961) the scarcity of coherent and inco- 
herent sources in the infrared range was em- 
phasized. Such scarcity is caused mostly by the 
experimental difficulties involved; which may 
‘be traced to the unavailability of suitable de- 
tectors and to the low temperatures needed. 

Semiconductors are well suited as detectors 
and as emitters in the infrared. The wave- 
lengths of absorption and of emission are ex- 
pressed in terms of the energy difference (V in 
electron-volt) of the allowed transitions as 
follows: } = 1.232/ V microns. Hence transitions 
between levels of 1.2 eV or less provide wave- 
lengths of one micron or more. Such transitions 
may be obtained in a number of semiconductors 
for levels of the conduction band; levels inside 
the forbidden gap, and levels of the valence 
band. In general, however, operation at very 
low temperature is required, because the cur- 
rent of thermal dissociation is proportional to 
T*’exp(—qV./kT) where Vs corresponds to the 
energy gap. In recent years lead selenide and 
lead sulphide have been utilized successfully as 
I-R detectors in the 0.7-4.5 » range. 

The family of II-VI semiconductor compounds 
presents considerable interest for use as de- 
tectors and as emitters in the I-R range. In order 
of increasing wavelength they may be listed 
approximately as follows: ZnS, ZnSe, ZnTe, 
CdS, CdSe, CdTe, HgS, HgSe, and HgTe. How- 
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ever, mercury selenide and mercury telluride 
have not yet been studied completely and their 
emission bands are not known. 

Zinc sulphide and cadmium sulphide possess 
emission bands respectively in the blue-green 
and in the near infrared ranges corresponding 
to transitions from the conduction band levels 
to trap levels located inside the gap. They also 
present emission and absorption bands in the 
1-2 | range corresponding to transitions from 
said trap levels to the levels of the valence band. 

The addition of cobalt quenches the visible 
emissions and adds another emission band at 
about 3 u. Mercury sulphide has emission bands 
in the vicinity of 2.3 u at room temperature and 
at somewhat longer wavelength at lower tem- 
perature. Cadmium telluride is very attractive 
because of the simplicity of preparation as single 
crystals and because of the amount of informa- 
tion already acquired about its level structure. 
Cadmium telluride crystals are formed in an 
atmosphere of argon and are subjected to a 
diffusion process in an atmosphere of cadmium 
vapors at 950° C to form p- and n-type regions. 
Five distinct emission bands are found in the 
range 0.88 u to 2.5 u; the location of these bands 
can be controlled to a certain extent by the ad- 
dition of dopants such as copper chloride. 

The advancement of the art in the infrared 
range has been very significant and semicon- 
ductors are expected to play a very important 
role in this field. 
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HOW THE OCEAN GREW ‘‘EARS” TO PINPOINT MISSILE SHOTS 


A quarter of the world away from its launching 
pad an experimental missile nose cone enters its ocean 
target area. 


How close has it come to the desired impact point? 
Where actually did the nose cone fall? 


To answer these questions quickly and accurately, 
Bell Laboratories developed a special system of deep- 
sea hydrophones—the Missile Impact Locating System 
(MILS) manufactured by Western Electric and in- 
stalled by the U. S. Navy with technical assistance from 
Western Electric in both the Atlantic and Pacific Missile 
ranges. MILS involves two types of networks. 


e One is a long-distance network. which utilizes the 
ocean’s deep sound channel. It monitors millions of 
square miles of ocean. The impacting nose cone re- 
leases a small bomb which sinks and explodes at an 
optimum depth for the transmission of underwater 
sounds. Vibrations from the explosion are picked 
up by hydrophones stationed at the optimum depth 


and carried by cables to shore stations. Time differ- 
ences in arrivals between these vibrations at different 
hydrophones are measured and used to compute loca- 
tion of the impact. 


¢ The other is a “bull’s-eye” network that monitors a 
restricted target area with extraordinary precision. 
This network is so sensitive it does not require the 
energetic explosion of a bomb but can detect the 
mere splash of a nose cone striking the ocean’s 
surface—and precisely fix its location. 


The universe of sound—above the earth, below the 
ocean—is one of the worlds of science constantly being 
explored by Bell Laboratories. The Missile Impact 
Locating System reflects the same kind of informed 
ingenuity which constantly reveals new ways to im- 
prove the range of Bell System services. 


BELL TELEPHONE LABORATORIES 


World center of communications research and development 
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LY PLUS* 


N IMPROVED A-G-C CHARACTERISTIC in transistor- 
ized broadcast-band receivers is made possible 
through the use of a new drift-field transistor 
esigned to function simultaneously as a mixer and 
scillator. The device may be used in any transistor- 
ized broadcast-band receiver, but it is particularly ad- 
antageous when an r-f stage is not used. It is the 
urpose of this article to describe the characteristics 
of the new transistor, and to show several typical cir- 
cuits in which it may be used. 


Device Description 

In order for a device to perform two functions si- 
multaneously, a multi-junction structure is necessary. 
The new RCA-3746 drift-field transistor consists of 
the following elements: two alloyed p-type emitters, 
an n-type base, and one alloyed p-type collector. The 
two emitters are processed so that they can function 
independently of each other. The emitters contain 
gallium, which results in a high hole-injection effi- 
ciency. 

The base is a diffused n-type region which has a 
graded impurity concentration. The impurity distri- 
bution is a maximum at the emitter junctions, and 
decreases to a constant value near the collector junc- 
tion. This type of impurity distribution makes it pos- 
sible to achieve better frequency response, higher 
gain, and lower feedback capacitance. The collector 
periphery encompasses the two emitters and thus 
assures the collection of carriers injected from either 
emitter. 

Figure 1 shows a cutaway drawing of a mounted 
assembly of the double emitter unit. A TO-1 type out- 
line is used for encasing the unit. 


Circuit Considerations 


The use of the double-emitter drift-field transistor 
in mixer-oscillator circuits provides several advan- 
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A New Concept In Transistor Converters 


R. A. SANTILLI* 


This article describes the characteristics of a new double-emitter drift-field transistor, 

the 3746, and discusses its use in transistorized broadcast-band receivers. This transistor, 

which functions simultaneously as a mixer and oscillator, makes it possible to obtain an 

improved a-g-c characteristic. It is particularly advantageous when an r-f stage is not 
used. Several typical circuits using the 3476 are shown and evaluated. 


tages over a conventional autodyne converter. The 
first and most important characteristic is good a-g-c 
(automatic gain control). Although a-g-c may be 
applied to an autodyne converter in a broadcast-band 
portable or an automobile receiver, the amount of 
control obtainable is limited by the oscillator portion 
of the circuit. Once the end-of-battery-life voltage or 
low supply voltage is specified, the maximum a-g-c 
obtainable is fixed. In practical cases where good per- 
formance is expected down to 50 or 60 percent of 
nominal supply, this a-g-c rarely exceeds 10 db. 

Because the double-emitter drift-field transistor 
can perform the functions of oscillator and mixer in- 
dependently, a-g-c can be applied to the mixer por- 
tion of the circuit without affecting the oscillator per- 
formance. In addition, the mixer operating conditions 
can be optimized with respect to circuit performance 
without regard for the oscillator quiescent operating 
conditions. 


EMITTER N22 EMITTER N2I 


Fig. 1—Cutaway drawing of double-emitter drift-field 
transistor. 
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Fig. 2—(a) Basic mixer-oscillator circuit, common base. 


(b) Basic mixer-oscillator circuit, common emitter. 
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Fig. 3—Typical oscillator-mixer stage; audio amplifier is 
used as the a-g-c amplifier and a-g-c is taken from the 
secondary of the last double-tuned i-f transformer. 


Fig. 2(a) shows a basic mixer-oscillator circuit 
using the new transistor. Isolation for a-g-c is pro- 
vided by the use of emitter No. 1 as the signal 
emitter and emitter No. 2 as the oscillator emitter. 
Both oscillator and mixer circuits are operated in 
the common-base configuration. In the oscillator cir- 
cuit, feedback is applied from collector to emitter No. 
2 by means of. the capacitance-divider network G; 
and C,. Signal is applied to emitter No. 1, and the 
i-f output is taken from the single-tuned i-f trans- 
former in the collector circuit. A-g-c is obtained by 
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a decrease of the quiescent current in emitter No. I. | 


The amount of a-g-c which can be obtained from the 


circuit is a function of the external isolation of the » 
signal on emitter No. 1 from the oscillator emitter : 


(emitter No. 2). External coupling of the signal to 


emitter No. 2 causes the oscillator portion of the cir- - 
cuit to operate as a conventional autodyne converter ° 


and reduces the a-g-c capabilities of the device. 


The double-emitter transistor may also be operated . 
in the common-emitter configuration for the signal | 
frequency and the common-base configuration for the 
oscillator, as shown in Fig. 2 (b). The a-g-c obtainable 
by this technique is considerably less than that : 
achieved with the circuit of Fig. 2(a) because of the : 


coupling of signal to emitter No. 2. The maximum 
a-g-c depends on the degree to which emitter No. 2 
can be degenerated with respect to signal, and on 
whether the quiescent operating conditions at emitter 
No. 2 are optimum for mixing. Practical a-g-c figures 


‘for the circuits of Figs. 2(a) and 2(b) are 54 db and 


20 db, respectively. In either case, the application of 
a-g-c by a decrease of the current in emitter No. 1 
does not appreciably affect the operating point of the 
oscillator circuit. Although inductive tuning is shown 
in Fig. 2(a) and capacitive tuning in Fig. 2(b), the 


common-base and the common-emitter configuration — 


and the a-g-c techniques described below are appli- 
cable to either tuning method. 


A-G-C Techniques 


A-G-C may be applied to either the base or the | 


emitter No. 1 of the mixer-oscillator stage. Fig. 3 


shows the r-f and driver stages of a developmental ~ 


inductance-tuned receiver which uses the double- 
emitter transistor as the mixer-oscillator, an RCA 
2N641 drift-field transistor as an i-f amplifier, and 
an RCA-2N591 conventional alloy transistor as a 
driver. The oscillator portion of the first stage oper- 
ates at an emitter current of 0.45 milliampere and 


develops approximately 150 millivolts of oscillator | 


voltage at emitter No. 2. This oscillator voltage has 
a tendency to increase with decreasing frequency as 
a result of the increasing oscillator load impedance. 
A resistor R is shunted across the oscillator coil to 
maintain the oscillator voltage relatively constant. 
(The mixer gain of the stage is relatively constant 
for injecton-voltage variation between 100 and 200 
millivolts.) The mixer portion operates at an emitter 
current of one milliampere and provides a conversion 
gain of 28 db when operating into a 400,000 ohm i-f 
load (262 kilocycles). The gain of the mixer portion 
is controlled by referring emitter No. 1 to a point 
which is at the proper potential with respect to the 
base and can be made to go positive with increasing 
r-f signal level. In this circuit, the detector is direct- 
coupled to the audio driver. The detected signal pro- 
duces a negative voltage at the base of the driver 
transistor which increases the current in that stage. 
If the mixer emitter is connected to the audio-driver 
emitter, the increasing audio-driver current applies 
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la negative voltage (relative to its no-signal poten- 
tial) to the mixer emitter, which decreases its current. 
f This technique may also be applied to the i-f stage. 
Conventional a-g-c (except for increasing i-f current) 
lis applied to the i-f transistor, and the mixer emitter 
is returned to the i-f emitter. A disadvantage of this 
ystem is that the i-f stage must be designed for the 
highest current to be used and then operated at a 
flower current at senSitivity. For a receiver using a 
inimum number of stages, this requirement results 
in a loss of sensitivity. 

In actual operation, the current in the audio-driver 
emitter resistor changes from 2.5 milliamperes (one 
milliampere of mixer current plus one-and-a-half 
milliamperes of driver current) to approximately 4.0 
milliamperes with increasing input r-f signal. Under 
these conditions, approximately 54 db of a-g-c is 
obtained from the mixer stage. This method is par- 
ticularly useful in broadcast-band portable receivers 
in which good a-g-c and minimum cost are desirable. 

Fig. 4 shows basically the same method, except that 
the a-g-c is derived from the primary of the last 
double-tuned i-f transformer through a conventional 
a-g-c network and applied to the driver transistor. 
A 2200 ohm isolation resistor is required to prevent 
the audio signal from shorting to B+ through the 
‘a-g-c capacitor. This method is useful in automobile 
‘receivers in which primary a-g-c is desirable. 

Fig. 5 shows a circuit diagram in which a-g-c is 
applied to the base of the double-emitter mixer cir- 
‘cuit. The a-g-c is derived from the primary of the 
Jast i-f transformer and applied through a separate 
a-g-c diode to the a-g-c network. (The audio detector 
‘diode could also be used here.) The a-g-c voltage 
developed is applied directly to the base of the mixer- 
oscillator unit. The emitter of the oscillator section 
must be referenced to a point which follows the base 
potential, such as the a-g-c line, so that it will not be 
cut off. However, if emitter No. 2 is placed on the age 
line, the age diode also must carry the current in 
emitter No. 2; the result is delayed and ineffective 
a-g-c. This effect is even more severe if the a-g-c is 
derived from the audio detector because this in- 
creased current reduces the audio detector efficiency 
at sensitivity. Consequently, emitter No. 2 is refer- 
enced to a point between the a-g-c line and B+ so 
that approximately half of the current in emitter No. 
2 flows directly to B+ and the remainder through 
the diode. The connection to B+ causes the current 
in emitter No. 2 to decrease with a-g-c, whereas 
connecting it to the a-g-c line causes a slight increase 
in this current with a-g-c. A point should be found 
between the a-g-c line and B+ where the emitter 
No. 2 current remains constant with a-g-c, as in the 
circuit of Fig. 5. Component values for the establish- 
ment of this reference point are not critical. (A 262- 
kilocycle trap is located in the bias circuit to prevent 
loading of the a-g-c detector.) Amplified a-g-c is then 
taken from emitter No. 1 of the mixer and applied 
to the base of the i-f amplifier. For. dynamic range 
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Fig. 4—Typical oscillator-mixer stage; audio amplifier is 

used as the a-g-c amplifier and a-g-c is taken from the 

primary of the last double-tuned i-f amplifier through a 
conventional a-g-c network. 
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Fig. 5—Typical oscillator-mixer stage with base a-g-c. 
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Fig. 6—Four transistor automobile receiver. 


considerations, only partial a-g-c can be applied to 
the i-f stage. 


Automobile Receiver Performance 

Figure 6 shows the circuit diagram for a develop- 
mental four-transistor automobile receiver which dra- 
matically illustrates the potential of this new device. 
The sensitivity of this four-transistor radio, 18 micro- 
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Fig. 10—Direct-coupled, high gain audio circuit. 
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volts, is admittedly lower than what is considered 
adequate for high-performance auto receivers, but | 
is representative of present low-cost receivers uti- - 
lizing no r-f stage. Although this sensitivity can be 
obtained with four conventional transistors, the a-g-c : 
performance is a virtual impossibility without the 
use of overload or damping diodes. 

The receiver utilizes the double-emitter transistor 
as a mixer-oscillator, an RCA-2N641 drift-field tran-— 
sistor in the i-f stage, an RCA-2N591 conventional ! 
alloy driver, and an RCA-2N301 power output unit. 
The mixer stage provides a conversion gain of ap- 
proximately 28 db across the band into a 262 kilocycle 
i-f transformer. The capacitive whip antenna is 
coupled to emitter No. 1 through a double-tuned 
antenna network which provides good image and i-f — 
rejection. A-g-c for the mixer portion is obtained by 
the secondary audio a-g-c method described in the 
previous section. The 2N641 in the i-f stage is oper- 
ated unneutralized at an emitter current of 2.0° 
milliamperes, and provides an i-f gain of 37 db at 
262 kilocycles. Two double-tuned (85 percent of crit- 
ical coupling) transformers are employed in the i-f | 
stage for good selectivity. 

The audio detector is direct-coupled to the base of 
the 2N591 driver transistor to provide a-g-c to cut 
off the emitter current of the mixer circuit. The 
driver stage, which operates at an emitter current | 
of 1.5 milliamperes, provides an audio gain of 43 db. | 
A simple treble-cut circuit is employed in the col-_ 
lector circuit as a tone control. The power-output 
stage operates at an emitter current of 0.5 ampere 
into a 35-ohm load to provide an undistorted output 
(less than 10 percent) of more than 2 watts. The gain 
of the power-output stage under these conditions is 
40 db. 

As shown in Fig. 7, the sensitivity of the receiver 
using a 30-micromicrofarad-series, 30-micromicro- 
farad-shunt dummy antenna is approximately 18 
microvolts across the band. The image and i-f re- 
jections are 68 db and 72 db, respectively, at the low 
end of the band, and 53 and 78 db at the high end 
of the band. 

Fig. 8 shows the a-g-c and noise characteristics of 
the receiver at 1 megacycle with a-g-c applied to the 
mixer unit only. From a 100,000-microvolt reference, 
the receiver has an a-g-c figure-of-merit of 54 db. 
(This reference was chosen to evaluate the a-g-c of — 
the mixer unit fairly.) A 20 db signal-to-noise ratio — 
occurs at a signal level of 28 microvolts. | 

The distortion of the receiver as a function of signal 
level is shown in Fig. 9. The distortion at an r-f 
signal of 0.5 volts is 5.6 percent. The increase in dis- 
tortion at low signal levels is due to noise. 

This double-emitter transistor may also be used in 
receivers utilizing r-f stages. The advantages provided 
by the device in either portable receivers or auto- 
mobile receivers include superior a-g-c and the elim- 
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tination of oscillator blocking due to transient strong- 
signal conditions. A-g-c can be applied to both the 
-f and mixer stages. Partial a-g-c which is normally 
pplied to the single i-f stage may be eliminated to 
roduce maximum dynamic range. 

Fig. 10 shows the circuit diagram of a three-stage 
audio circuit which may be used in conjunction with 
he front end of the automobile receiver shown in 
Fig. 6 if the a-g-c circuit of Fig. 5 is used. The circuit 
mploys two RCA-2N591’s and an RCA-2N301 power- 
output transistor, all direct-coupled. All three stages 
operate in the common-emitter configuration to pro- 
vide an over-all power gain of 86 db. The sensitivity 
of the receiver when this audio circuit is used is 13 
microvolts across the band. Operating into a 35-ohm 
load, the power-output unit delivers two watts to 
the speaker at less than 10 percent distortion. 


Portable Receiver Performance 


The circuit diagram of a developmental portable 
broadcast-band receiver is shown in Fig. 11. The con- 
verter section of the receiver utilizes a double-emitter 
mixer oscillator transistor operating in the common- 
base configuration and a neutralized RCA-2N373 drift- 
field transistor is used as the i-f amplifier. The mixer 
‘circuit provides a conversion power gain of 25 db 
into a 300,000-ohm, 455-kilocycle i-f load. The i-f stage 
contributes an additional 37 db of i-f gain. The audio 
ircuit consists of a driver stage and a push-pull 
output circuit, both of which use RCA-2N408 conven- 
tional alloy transistors. The over-all gain of the audio 
circuit is 73 db, and the output circuit is capable of 
delivering 150 milliwatts of audio power to the speaker 
with less than 10 percent distortion. The a-g-c scheme 
is the same as that shown in Fig. 3 and described 
previously. 

As shown in Fig. 12, this receiver has an average 
sensitivity of 500 microvolts per meter across the 
band for 50 milliwatts of audio output. The image 
and i-f rejections are 28 db and 44 db at the high end 
of the band, respectively, and 49 db and 35 db at the 
low end of the band. Fig. 13 shows the a-g-c and noise 
characteristics of the receiver. From a 400,000 micro- 
volt-per-meter reference, the a-g-c figure-of-merit is 
46 db. A signal-to-noise ratio of 20 db occurs at 600 
microvolts per meter. 


Conclusion 

This article has described the device and circuit 
characteristics of a new double-emitter drift-field 
transistor the RCA 3746. 

Technical feasibility of the device and its appli- 
cation as a combination oscillator-mixer capable of 
being gain-controlled has now been fully achieved. 
Among the first significant results of this develop- 
ment will be the design of broadcast receivers 
having excellent a-g-c performance but using only a 
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Fig. 13—A-g-c and noise characteristic. 


frequency converter and single i-f amplifier and elim- 
inating the use of overload or clamping diodes and 
the problems associated therewith. However, the ap- 
plications described in this paper are not the only 
ones for which the device is being considered. Other 
applications include remote cut-off r-f and i-f ampli- 
fiers, reflex amplifiers, and related applications. 
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Properties of Hall Effect Multipliers 


STEPHEN P. DENKER* 


The properties of Hall effect multipliers such as geometry, terminal characteristics, power 
limitations and temperature variation of output voltage are discussed. 


The Hall effect provides a direct means for the 
multiplication of an input current by an applied mag- 
netic field. In semiconductor materials the phe- 
nomenon is quite large and easy to observe. In this 
article, the properties of Hall effect multipliers such 
as terminal characteristics, geometry, power limita- 
tions and temperature variation of output voltage 
are discussed. Commercial devices, made from the 
compound semiconductors indium antimonide and 
indium arsenide, are currently available.t 

The origin-of the Hall voltage is the deflection of 
moving charge carriers by a Lorentz force exerted on 
these carriers by the magnetic field. An electron 
travels along a curved path until it suffers a collision, 
after which it begins moving again under the same 
forces. This process does not continue for long be- 
cause the electron strikes the surface and remains 
there as a surface charge. These surface charges es- 
tablish a transverse electric field in the material until 
the field is large enough to make the net transverse 
force identically zero. This transverse electric field 
gives the Hall voltage (Vy):? 


tt. 8Nat (1) 


Equation 1 (see Fig. 1) is valid for semiconductors 
in which the mobility of carriers is determined pri- 
marily by thermal scattering lattice vibrations.2 How- 
ever crystalline structure nearly always introduces 
anisotropic behavior and associated magnetic effects. 


Geometry 


To determine the optimum dimensions for a Hall 
effect device, which will give a large Hall voltage and 
good frequency response, an electromagnetic bound- 
ary value problem must be solved. Geometry of the 
semiconductor material is extremely important. The 
sample itself should be as thin as possible. The prac- 
tical limitation on minimum thickness is merely the 
sample’s mechanical strength. Semiconductors, such 
as indium antimonide, are very brittle. A sample 
must be thick enough to permit proper terminal con- 
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nections. A practical design thickness is about five 
mils.> Even with this thickness the device is not strong 
enough and must be encapsulated.® Encapsulation in 
a material with high permeability, such as a ferrite 
material, combines mechanical rigidity with mini- 
mum device thickness. This also reduces the effective 
air gap of the magnetic circuit, which produces the 
necessary flux density, to its minimum possible value. 


Output Voltage and Power Dissipation 


Hall effect multipliers are somewhat inefficient and ~ 
lossy. Heat dissipation in the sample sets the practical 
upper limit on the Hall output voltage. Because of 
the loss present, the input current heats the semi- 
conductor sample. The maximum value of current is 
determined solely by heating considerations and the © 
maximum allowable temperature rise of the Hall 
effect device. 

The heat produced in the semiconductor material 
is conducted away from the device by its two flat 
sides which are in contact with the magnetic core in 
which it is placed. It is useful to note the rms dissi- 
pated power per unit surface area of the device. This 
is given by: 


Fig. 1—Hall effect device in a magnetic field (B). 
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The resistance of the sample (R) in terms of the 
sample geometry and resisitivity (9) is: 


R== (3) 


Cherefore, the input sample current (J) is: 


I = V2w'tp'K (4) 

With Eq. 1, the Hall output voltage becomes: 
5 3dr /2w?B2K P 
Vu = 3 Nee 6) 


It is more worthwhile to characterize the Hall volt- 
ge of a semiconductor device in terms of its elec- 
ron mobility. The electron mobility, (wu), can be 
related to the resistivity, charge, and carrier con- 
entration as: 


l : 
BN GR (6) 


Therefore, the expression for the Hall output voltage 
which takes sample heating into account is: 


| vy, = 3, |(2w2BeR\ (ue "a 
ay qt N Y) 


This equation shows that the ratio of electron mobil- 
ity to carrier concentration should be as large as 
possible to achieve maximum Hall output voltage. 
Also, the input sample current restriction can be 
lessened if better heat removal is provided. Use of a 
metallic heat conductor or an oil filled structure 
around the Hall device can increase the permissable 
maximum current by two or three times.’ 


Efficiency 

We have discussed some of the necessary require- 
ments to be met by the material from which a Hall 
effect multiplier is constructed. What is the efficiency 
of power transfer and what parameters are involved 
in a Hall effect device? If the Hall ouput terminals 
are connected to a matched load, the power, W,, de- 
livered to the load is: 


Wy = (8) 


Note that R; is the output terminal resistance of the 
multiplier. For the rectangular geometry previously 
defined in Fig. 1, neglecting effects such as magneto- 
resistance,® the internal resistance of the crystal may 
be approximated as: 


R:= 8s — (9) 


where s is a factor of the order of unity which allows 
for the spreading resistance at the electrodes.® The 
power dissipated in the semiconductor sample by the 
input current is: 
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Wa (10) 


l 
pen MON (Mee 
I, = 


Combined with Eq. 1, the power delivered to the load 


becomes: 
We = (2) (en)? - Be 


A ; : 
However, ®j = a therefore the power delivered to the 
oO 


i (Wa BAN (ox 
wT" 4s eee 


This equation is strictly true only for small values of 
the magnetic field so that magnetoresistive effects, 
which are quadratic with magnetic field, are suffi- 
ciently small and can be neglected. 

The dissipation of power in a Hall effect multiplier 
must be by heating. If we are drawing current from 
the output terminals, it is important to be able to 
predict the variation of Hall output voltage with 
temperature. First, let us assume that I, and B, are 
independent of temperature, while the mobility and 
carrier concentration, as is well known, are not. Sup- 
pose we have constant input current and constant 
load, then Eq. 1 applies. Therefore: 


(11) 


load is: 


(12) 


V0 = 3 Net o 
Which gives the result: 
15 dF a 05) 


Thus if we constrain the input current to be constant, 
then the Hall output voltage will decrease with tem- 
perature because the carrier concentration increases 
with temperature. 

Suppose we constrain the input voltage to be con- 
stant instead of the input current, then Eq. 1 must be 
modified. Assuming Ohm’s law to be valid then: 1° 


3 . Ww 
Vin = (Vo Bo) (+) u (16) 
aVin _ w\ dy 
(0) Fe = wy) (WB) (2) SE a 
which gives the result: 
Wn _ 1 dy 
Vy af aT a 


The mobility is proportional to T*/?, characteristic 
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of lattice scattering. Therefore, its temperature 
deriviative is negative. Thus as for constant input 
current, if we have constant input voltage, the Hall 
output voltage will decrease with temperature. It is 
reasonable to expect the Hall voltage to always show 
a negative temperature characteristic regardless of 
input constraint. 


Indium Antimonide and Indium Arsenide 


Indium antimonide has a higher electron mobility 
at room temperature than any other semiconductor 
material presently available. Because of its higher 
electron mobility, larger Hall voltages can be pro- 
duced than with any other material. The mobility 
of indium antimonide, in the vicinity of room tem- 
perature, is very temperature dependent; whereas 
for the semiconductor indium arsenide the mobility 
is less temperature sensitive. Devices made of either 
material are commercially available. For applications 
in which temperature changes do occur, indium 
arsenide is the more desirable material. 

Both these semiconductors have small energy gaps 
and low resistivities at room temperature. Their 
small energy gaps simplify making ohmic contacts to 
the semiconductor sample. Since indium antimonide 
has a small energy gap, p-n junctions are masked at 
room temperature by the high intrinsic carrier con- 


centration.!! Furthermore, their low resistivities — 
make possible Hall effect devices having low im- 
pedances. 

Semiconductor Hall effect devices have an advan- 
tage over most semiconductor devices because they 
utilize only majority charge carriers and need not 
involve junctions. Since there are no areas of con- 
centrated electric fields, the surfaces need not be 
elaborately protected. 


Terminal Characteristics 

The input terminal impedance of a Hall effect 
multiplier is a function of magnetic field, input sam- 
ple current and temperature. Since the input sample 
current is a term which determines the Hall product 
voltage (see Eq. 1), the device should be driven with 
a current source. Hall effect devices employing com- 
pound semiconductors such as indium antimonide 
have nominal terminal impedance of about one ohm. 
For this reason,'a current source drive for a Hall 
effect multiplier is exceedingly simple to obtain. The 
output terminal impedance is also about one ohm. 
This low impedance enables simple connection to the 
Hall output terminals. In all cases, Hall effect devices 
made of these materials can be treated as relatively 
good voltage sources. 


Appendix I List of Symbols 


Magnetic Flux Density 
Current 

Hall Coefficient 

Electron Mobility 
Electron Carrier Density 
Electronic Charge 


LSe a4 


R Resistance 

p Resistivity 

o Conductivity 

cli Temperature 

Vir Hall Output Voltage 
W Power 
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Zener Diode Circuits For Stable 


‘Transistor Biasing 


Part 2 


J. KABELL* V. H. GRINICH* 


(Continued from May 1961) 


1961, p. 48), R, is the larger positive root of Eq. 
(28). The larger value is chosen in order to make 
R, as large as possible, and thus minimize the power 
drain of the circuit. For the minimum stability factor 
consistent with loading and operating point, the rela- 
tion R, — \/R,R, holds. In that case, the quadratic in 
R, has only one solution. 
In order to show the power savings obtained by the 
Zener diode bias method we calculate the circuit 


[: EQUATION (27), (Semiconductor Products, May 


values and power consumption for the brute-force 


eee 


circuit that gives the same loading and stability factor 
as the diode case. 

Substituting in numerical values we obtain for 
= — 1.11 


R. = 6K 
R, = 2K 
Re = 1.28K 
R; = 1.39K 
Ry, = 0.67K 


This circuit requires a power input of approximate- 
ly 68 mw of which 54 mw go into the divider portion 
of the bias circuit. The Zener bias scheme requires 
only 12 mw of d-c power giving an improvement in 
power drain of 5.7 to 1. Note that certain values of 
R, R, do not yield any physical solution. 


A Tolerance Factor For Transistor Interchangeability 
An important advantage of the Zener-diode biasing 
method is that the circuit operating point is made 
very insensitive to the properties of the transistor. 
This can be shown in introducing a new parameter 
for the circuit that specifies the sensitivity of d-c col- 
lector current, I,, to variations in the d-c base current, 
I,. This dimensionless quantity may be called a toler- 
ability factor, T, where for the circuit of Figs. 1, 2 
and 3 
; R,* 
ee TR; 
Por the case.of FE = 12v, R;, = 0.5k, I,—=1 ma, Veo 
= 4v and I, =5 ua in the standard resistive circuit 


(29) 


*Fairchild Semiconductor Corporation 


* The relations between S and T are 


as h FB S 


s = —— and T= 
Ate hese eases hea) 
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Fig. 1, T = 121. For the Zener diode circuit of Fig. 2 
(and its equivalent, the brute force circuit of Fig. 3), 
T —1.11. Thus if the base current of the transistor 
is not equal to the designed value of 5 ua but instead 
is 10 wa, then in the circuit of Fig. 1, I, will change 
from 1.0 ma to 0.4 ma [0.4 ma = 1 ma — (121) (0.005 
ma). This change of I, reduces the dynamic range by 
a factor of 2.5, and may also be detrimental to the 
performance of the amplifier in terms of frequency 
response in the case of video and if amplifiers. 

For the Zener-diode biasing method the collector 
current changes from 1.0 ma to 0.995 ma when the d-c 
base current increases from 5 ua to 10 wa. The low 
value found for the tolerance factor in the power 
drain case of Zener diode biasing means that the 
operating points of circuits can be accurately set with 
a minimum number of components and a minimum 
power drain. 


Experimental Results 

Circuits as shown in Figs. 1 and 2 were made in 
order to compare bias stabilization for germanium 
alloy transistors. For the circuit of Fig. 1, R, = 5.6K, 
and R, = 430K. For the circuit of Fig. 2, R, = 1.6K, 
R,= 4.3K, Ry = 6802 and Vy,4=8.2V (the break- 
down diode was a type where the 7, of the diode 
varied from 5402 at 15ua to 28002 at 20ua). The per- 
centage change of I, over I, at 25°C. is shown in Fig. 9 
for 2N140 germanium p-n-p alloy unit using both bias 
methods. 


STANDARD 
RESISTIVE 
BIAS BREAKDOWN 


DIODE BIAS 


% INCREASE OF I, OVER 25 °C VALUE 


loxe 
25 


45 55 65 


TEMPERATURE °C 


75 85 95 


Fig. 9—Comparison of bias stabilization as a function of 
temperature. (Germanium transistors). 
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10—Modification of the circuit of Fig. 2 for extended 
temperature range operation. 


Fig. 


| CIRCUIT OF FIG. 1 
CONVENTIONAL BIAS 


CIRCUIT OF FIG.2 
ZENER DIODE BIAS METHOD 


Ic — COLLECTOR CURRENT — mA 


| 2 3 4 5 6 (f 8 


TRANSISTOR # IN ORDER OF DECREASING Ic 
IN CIRCUIT OF FIG. 1 


Fig. 11—Ic as a function of transistor replacement. 


30 


25 


vutiave — VOLTS 


a 
Ig — COLLECTOR CURRENT — mA 


Voge — COLLECT un 


TEMPERATURE — °¢ 


Fig. 12—Variation of Ic and Vez with circuit temperature. 


Correction: Equation (23) given in Part 1, was erroneous. Thefollowing is the correct form of this equation: 
Rr +(VRo— VR)? 
(1 — Arp) Rp + (VRe — VR)? 


Sonts = 
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In order to show how the circuit responds to tran-) 
sistor replacement eight 2N104 units were pluggedy 
into the circuit of Fig. 1 and into that of Fig. 2. The¢ 
values of I, for both circuits are given in Fig. 11. The 
maximum deviation using breakdown bias was 1.2%, 
while using standard resistive bias the maximum 
deviation from the mean was 24%. 

The operating point for the Zener diode biasing 
method shifts because the current flowing through 
the diode becomes so low that insufficient voltage is 
built up across the diode. The design equations for ; 
diode current can be formulated by letting I. = hyp '! 
I, + Io, where hrz is the common base d-c current 
gain for the transistor. Then I, = (1—hrz) I-—Ico. 

In order to make I, sufficiently large that the diode 
will be biased well into the breakdown region, we 
can do one or more of the following: (1) choose tran- 
sistor replacement eight 2N104 units were plugged | 
transistors having hy, as small as possible, after con- 
sidering the effect on signal gain, (3) operate with a | 
large I, (power drain and junction dissipation act as | 
limits here) or (4) add a resistor between base and 
ground in Fig. 2 in order to increase the diode cur- 
rent. (This in effect lowers the effective hrg of the 
composite unit, transistor plus base-to-emitter re-_ 
sistor.) 

In place of adding a resistor from base to emitter, 
a more advantageous site for the resistor R, is from 
the junction point of diode and R, to ground (Fig. 10* 
with V7 —=0)). 

If one allows oneself the luxury of an additional — 
power supply of opposite polarity to the collector | 
supply in Fig. 10, the stability can be greatly in- 
creased. It should be noted that the current level | 
required from V, is determined only by the margins 
set on operating the diode into breakdown and hence 
can be an economical solution in cases of extremely 
high temperature environments, especially with the 
lower values of coupling and bypass capacitances that 
can be used in this scheme. 

To demonstrate the above points a circuit was con- — 
structed using silicon transistors (2N697) in the cir- — 
cuit of Fig. 10. Fig. 12 shows the variation of I, and 
Ve versus circuit temperature** for the case where 
V»= zero and V, = —24v. The circuits are obviously 
useful to beyond 200°C. with the case of V, = —24v 
being obviously superior. Of course, before using 
transistors at these temperatures reliability consider- 
ations should be investigated for all components. 
Nevertheless this does indicate the potential of this 
biasing scheme over a wide temperature range. 


* Suggested by P. J. Beneteau of Fairchild Semiconductor Cor- 
poration. 

= Tn this case both zener diode and transistor were placed in 
a variable temperature chamber. 


(23) 
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Switching Time Formulae For 


Single Diffused Mesa Transistors 


ERNEST SEVERIN* 


Formulae for the switching times of alloy transistors have previously been derived, and the 
expressions for double diffused devices have been indicated; but the results do not give 
, satisfactory accuracies with the diffused-base, evaporated emitter devices.” In addition, these 
: formulae do not state the switching times in terms of easily obtainable parameters. This 
article is intended to give the reader formulae necessary to calculate the four switching 
times: Delay, rise, storage, and fall—from either data sheets or easily measurable steady 
state quantities. Values calculated from these expressions should, with careful choice of 
parameters, be within 20% of measured values for single-diffused mesa units. Some or all 
the formulae can be applied with some success to other type devices; the accuracies to be 
expected are included in the explanation of each derivation. 


HE BASIS FOR THESE DERIVATIONS is the standard 
U [iicmped constant, T, equivalent circuit for dif- 

fused base transistors. This circuit, which is 
shown in Fig. 1, includes the important characteristics 
of these devices and is, in fact, a good equivalent cir- 
cuit for all type transistors. The table below is com- 
posed of equations with which to calculate the lumped 
elements of diffused-base units. 


Parameter Equations 


= 
o 
| 


= constant, base spreading resistance 
= .026/I., dynamic emitter resistance 
Cs. = 1/2 x frr., emitter saturated capacitance 


= 
® 
| 


fr = frequency where | h;, | = 1 
Cr. = a emitter transition cap 
it SS eae aaa pater eas in Y Ally Te . 
s ) V be oe 6 |? 
Ci = Cre at / V5, a 6 ' =i ikvg ; 
6 = contact potential, pos. for n-p junction, neg 


for p-n junction. 
r, = dynamic collector resistance. 


C» 
Cr. = 
ye Vea “| 6 [3 
Cz = C,at |Vaté| = lv 
aye-in £ 
a = 
J 
1+ 77 
J Ee 
a = low frequency value of a, fa = frequency 
where | a | = .707 | a | 
m = excess phase of @ at fa in radians. 


In addition to these equivalent circuit parameters, 


*Texas Instruments Incorporated 
Semiconductor Components Division 
» Dallas, Texas 
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the following quantities are needed: 


hrr = 


t, and 


Io a 
ae ° — q-c forward current transfer 


I l—a : : 
- ° ratio common emitter 
ty = rise and fall times of pulse generator; 


Vex) = off voltage base to emitter on transistor; 


Ry = 


Io — 


collector load resistance, 


V3 Vcxcsat) 


= on collector current 
Rr 


= turn on base current 


initial turn off base current 


iE 


1 + api 


minority carrier lifetime in the collector region 


Fig. 1—Equivalent circuit for diffused base transistors. 
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Voc 
_ Vpe(oy~ Vee 
B27 
IgitIp2 


<j Lb 
<- 


Fig. 2—Equivalent circuit for a switching circuit. 


tr=2myp sec, Ipi=1ma 


35 
K =21ypfd , |8|-03” 


Tp (mp sec) 


Cre (upd) @ 1 Volt 


Fig. 3—Delay time in relation to collector transition 
capacitance; dotted lines are measured values. 


Assumptions 


1. Any switching circuit in which the transistor is to 
be evaluated can be put in the equivalent form of 
Fig. 2. 

2. Values of hyp, C,, fr, and t can be found which are 
good averages for the voltage and current ranges 
used. 

3. The rise and fall times of the pulse generator are 
at most only slightly longer than the delay time of 
the transistor. 
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Delay Time : 

The delay time of a transistor in a given circuiti 
depends on the collector capacitance, the emitter ca- 
pacitance, and the transition time in the base region. 
For the type mesa transistors being studied, the tran- 
sition time is relatively short due to a very thin base¢ 
region; only the itme required to charge the collector? 
and emitter capacitances to bring the transistor into« 
conduction will be considered. 

The charge into the base, Qp, required to bring the q 
transistor into conduction is the sum of Qzp and Qen | 
the charge into the emittor and collector, respectively. ' 
The result of charging these is a change of 9». from} 
Vanco) to [Van.on) — Inite’] = —S. | 

Since V,, is normally much larger than Vzz,0), the = 
change of C, due to this small percentage change off 
voltage on the junction will be neglected. Therefore: | 


Qep = Cre | A Vee | = Cre | Vez + 8 | (1) | 
and 
Cewlot | 
ED = i ©. __ (be) = 2 Cr | Vero +6 |? “Ga 
0 (be)? d | 


Therefore for: 


TD ty Tp 
/ apdt = OG + QE => if 2,dt oe i apdt 
0 0 tr 


ty Tp t; 
-| Lol at + [ | Ter. dt =-| Tee ie 
Jo f. i! 2 


t,. 
+ | Ena | (Tot) — | tes (Po ees 


=Qc+Qz (3) 


ty er 
Tp = > tine ©? 


Te a | Vexo) + 6 |} 
> | Tp. | 
Cre oo 
ig r | Vero + 6 | (4) | 
| Ta: | 


The correlation between calculated and measured 
values of Tp is shown in Fig. 3. As in the equation Tp 
varies in a direct relation with Vgn,o) and C7. Sam- 
ples could not be obtained with variable Cry’s. 

To modify this formula for other type devices, 
nothing need be changed for alloy type devices. The 
exponent of |Vzn(0) + | should be changed from 1% 
to % for double diffused devices. 


Rise Time 


Rise time is the time required for the transistor col- 
lector current, i,, to go from .1 Ip to .9 Ip. The radian 
frequency at which the forward current gain is 3 db 
down in a transistor is: 
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> 
. 
4 
F 


1 


hing (Rut i a) 


If i, could assume any value, it would reach hppl pt. 
So the equation for collector current during the tran- 
sition period is: 


Qo = 


(5) 


te = Arrl pi (1 == ga) (6) 


But i, never reaches hyp! pi; it is cut off at 


_ Vee — Veron) 
Le = oS 


= Ry 
(see Fig. 4) and a formula for rise time is: 
9 Ice = herl pi ¢ 5 e—°TR) (7) 


The time to go from i, = 0 to .1 Ig is neglected here 


- since it is on the steep part of the exponential curve 


and is, therefore, very small. Solving (7) for Tp gives: 


nauk | hrel pi 

Pr = @ In Arr! pi ae 9 Ie 53 

The ratio hrplz/I¢ is called overdrive factor and 

hrelp1/I¢ at OD,. Substituting OD, for hrplpi/Io and 
(5) for m into (8): 


7 F 1 OD, 
Tr = (rc Te +. a her In 2) oq (9) 


Fig. 5 shows the correlation between calculated and 
measured values of Tp. Notice that Tp varies some- 
what with the inverse of hry. However, Tp is prima- 
rily a function of the response constants Jeafr and 
R_,C,. The intersection of curves such as those in Fig. 5 
with the C;, = 0 axis are a function of fp and the 
slopes of the curves are a function of R,. Empirical 
values of both transition times (T and T;) are higher 
than the theoretical values because of the rise time 
and capacitance inserted by the scope. 

Equation (9) is also good for alloy and double dif- 
fused devices. For alloy devices, however, the equa- 
tion for C,, becomes Cyr, = Ke (Vor + 8) 1”. 


Storage Time 

The storage time of a transistor in a saturating cir- 
cuit is the time required for i, to decrease from Ig to 
.9 I~ after i, has reached 10% of the transition from 
Ip; to Ips. The derivation presented here shows that 
for mesa devices this time depends on the response 
constants of the transistor and its collector body life- 
time, since inverse alpha is nearly zero. 

To review, Lax and Neustadter® showed that the 
time for a junction which was forward biased to be- 
come reverse biased when a reverse pulse is applied 
(the diode recovery time) can be found from the ex- 


pression: 
ear I; 
os Vz aia: 
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(10) 


tC 


Fig. 4—-Rise time for collector current, ic. 


35 


30 


25 


ee 
Oo 
8 
E “3 Vec=-2.5,RL=2202 
x I¢=10ma,Ipy=ima 
= fr=200Mc 

10 

5 

O 


) 2 4 6 8 10 
Cre (ypfd) @ 1 Volt 


Fig. 5—Rise time in relation to collector transition 
capacitance; dotted lines are empirical values. 


T, = diode recovery time 

7 = lifetime 

I; = forward current 

I, = initial reverse current (negative valued) 


Grinich and Noyce?’ applied the concept to transis- 
tors by the use of the representation shown in Fig. 6. 
The equivalent transistor is composed of a transistor 
identical to the actual one and a diode with the same 
recovery characteristics as the base to collector junc- 
tion of the actual transistor which carries the forward 
current of the collector base junction in saturation. 
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Fig. 6—Equivalent circuit for finding storage time. 


(11) 


(12) 


Ipy 
LU 
b t 
Ipe2 
Vpe-Vces| 
Vd t 
Vec 
Tr 
lg 
te 
Ty 
Fig. 7—Waveforms for Input, Diode Voltage and Diode 
Current. 
Therefore: 
dy! = Lp = ta 
te = te + ta 
a ; ‘ 
=a => hrg = be Ft 
U ty — ta 


oY hyn th — t¢ 


2 Tee 


For most transistors hp, >> 1; hence, equation 
becomes 


: Ve 
Uh Uli s= rs 
rE 
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While the transistor is turned on and in saturation, : 
the diode is forward biased and 


(16) 


At the instant the base current is reversed, the equa- | 


tion becomes: 


I¢* 


Eee Be rs 


a7) f 


Now that I, and I, are expressed in terms of circuit 
values, T, can be written on the same basis. 


Im __Ie 
re Ty. -Ipo hee Tre 
. eet es = 18 
of f= Tao (18) 
Ip 
i é ie Ai Ir 
but: erf Ja as ek if ie rae 


Ie\ 
ey aay 
ey korea pe Ea ee where Jp < | 4 Ine | (19) 


Fig. 7 shows in sequence the input waveform, the 
diode voltage waveform, and the diode current wave- 
form. 

The diode current waveform can be approximated 
by the sum of two exponentials and will have the 
form of (11). 


a b 
ta(t) = ths (Ker = Kye T 4 (20) 


Average values for the coefficients and exponential 
multipliers in Eq. (20) have been found which are 
useful for the single diffused germanium mesas now 
available. 

They are: 


Ki=18, K,=08, a=06, b=2 


Taking the La Place transform of the transistor re- 
sponse equation 


I.(s) — te(+0) + wl.(s) = w hrgls(s) (21) 
and 
Tc h B ! OY: 
I.(8) = = 7 ae as I,’ (s) (22) 


For transistors in a switching circuit 


ioe 1 
ie her ¢ tCre + =e (23) 


It should be kept in mind that during the storage 
time period the collector base junction is near zero 


*Tn2 and I, will have negative values. 
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bias, so C, is large compared to its value at normal 
‘operating voltage. 

The base current of the theoretical transistor is 
iy — i¢. Hence, for the period starting at the time the 
-base current of the actual transistor is reversed: 


f : S25 Spee 
1p! = Ip. — iG Kye C — Koe Tr 


(24) 
Taking the La Place transform: 
: Ty’ (s) = ee 5 ji AL = Ay (25) 
Ss + T. Ss + T. 
‘Substituting this expression into Eq. (25): 
1.(s) is - Ic a4 whee Ins es I. K, _ Ko 
s+w Stwt 2 a b 
esha eth 
¢- T, 7, 
(26) 


Taking the inverse La Place transform yields: 


i(t) = heel pg, + Ie — hyrl p2)e~*! 
> Ue rs hrrl pe) 


(27) 

For the case of w >> b/T, > a/T,, that is the case 

where T, depends more on the lifetime than the re- 
sponse-time constants: 


a | by 


it) = heels + (I. — heels) (Ket = Kee tr 
: aoe rR 
Since Aie 7@ >-> Kee T fort > T,,and 7, + T,for 


i 
>>> if > mit then .9 J, = Avelp, + Ue — heel ne) 
= Ts 
Kye fs 
hs , 1Le— heul peo i 
ee? Be Lam ES ill ath ae 29 
7 = In Ky 91, — heul pe rant 


For the case of b/T, > a/T, >> @, that is the case 
where T,, is more dependent on the response speed, 
the equation becomes 


ic(t) — heel eg, + Ue — Ave! p2)e' 


Kk LCA 
+ Ud. — hrel pe) E = = wl'e-*! 


and solving for storage time 


1 I, — Arul po Ky Ky m ; 
| 3, —— 1 ————_—_—< ae ha pam GARI 
r, (2) in 9 I. — heel po [ +(4 fe | (3 ) 


_ Transistors with identical h»,’s in a given switching 
circuit will have storage times which vary with w and 
T, as shown in Fig. 8. The lower solid line was calcu- 
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2s Veco =-5”, Ri =2200 


I¢ =10ma,Ipe-Ip2=ima 
f+ =200Mc,T=80myusec 
hee=5O 


Ts (mp sec) 


20 


15 


(@) 3) 10 15 20 25 
Crc(upfd) @ 1 Volt 


Fig. 8—Storage time in relation to collector transition 
capacitance; dotted line is measured values. 


Fig. 9—Fall time for collector current—theoretical and 
actual waveforms. 


ent on t; the upper solid curve was calculated from 
Equation (31) where T, is mostly dependent on o. 
Notice that the empirical or dashed curve asymptotes 
to the two solid curves at its extremes. The range of 
C,’s over which the transition occurs depends on 1, 
Rr, and hyn. 

The generalized Equation (27) may be applied to 
any diffused base mesa transistor if values of K;, Ko, 
a, b and t are known. The basic concept, of course, 
applies to all mesa transistors, that is: The storage 
time depends on a combination of hpyz, C., fr, and col- 
lector body lifetime. 


Fall Time 


Fall time is the time required for the transistor col- 


lated from Equation (29) where T, is solely depend- 
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lector current i, to drop from .9 Ig to .1 Io. The re- 
sponse is similar to that which occurs during rise time 
and depends on w. If i, could assume any value, and 
Ino were maintained, it would reach hrpl ze. The equa- 
tion for the collector current would be: 


ip = Aen ps + (Io — heal ere 


However, i, could never reach hyplz2 since it cannot 
conduct in the reverse direction. The theoretical and 
actual waveforms are shown in Fig. 9. Notice that the 
times where i, is .9 Ig and .1 I¢ on the actual curve are 
about the times where i, is Ig and 0 respectively on 
the theoretical curve. The equation may, therefore 
be written: 


() = heal po a Ie aad hrnl poe °F F (33) 


Since there is a rounding off of the actual wave- 
form at the extremes of the transition time, therefore 


(32) 


1 Ih = her Te 1 
Tr 7: In ae > a 


(34) 


The ratio —hprrzlp2/I¢ = ODz2 and is positive. So: 


1+ OD, 


OD. (35) 


i 
Tp = (Ric, ot =) herr In 


Fig. 10 shows the correlation between calculated 
and measured values of Ty. T» varies as a direct func- 
tion of hrg in a similar manner to the way T,» varies 
as an inverse function. Just as Tr, Tr is primarily a 
function of the response parameters and in fact varies 
in exactly the same way with these parameters. 

Equation (35) is good for alloy and diffused devices 
as well. The same rules of conversion are true for Tp 
as were used for Tp. 


Conclusion 


Formulae are now available for calculating the four 
switching times from easily obtainable parameters. 
The correlation of measured and calculated values 
shows that the target accuracies were realized. The 
most serious difficulty in applying these expressions 
is the proper choice of parameter values for the con- 
ditions during the time being calculated. 

Even more important perhaps than the ability to 
accurately anticipate the switching times of a transis- 
tor in a given circuit, is the easily discernible impor- 
tance of various transistor parameters to each of the 
four times. If the collector-base diode recovery time 
is small compared to the storage time, then three of 
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Fig. 10—Fall time in relation to collector transition) 
capacitance; calculated and empirical values. 


the four times (Tp, Ts, and Ty) are inverse functional 
of w. The expression for 1/w might be reviewed here 
in the light of its importance. 


1 
1/w = (ter, ae a her 


For most of the modern ultra-fast switching transis-+ 
tors, Cre is of greater consequence to than is fri 
C,. in turn has a direct relation to junction area. 

The fourth switching time, Tz, is a function of all 
the capacitance; so it, too, is a function of area. 

It should be obvious then that once the lifetime 
and base width have reached their practical mini- 
mums, the only way to reduce switching speed is ta 
make the active portion of the transistor smaller. Re- 
ducing the junction also, of course, brings on other 
problems, mostly with d-c parameters, but these will 
have to be tolerated if maximum performance is de- 
sired. 
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A New Method For Measuring The Volume 


Resistivity of Semiconductor Material 


G. L. ALLERTON* 


J. R. SEIFERT* 


In the manufacture of transistors and other solid state devices, silicon and germanium 

material is manufactured to have a volume resistivity required for the device being manu- 

factured. A very accurate measurement of resistivity is required to determine device pa- 

rameters and processing methods. The four point probe method now universally used for 

these measurements can be replaced with a microwave measurement at certain ranges 

of resistivity and slice thickness of material with an increase in accuracy and speed of 
measurement. 


point probe method shown in Fig. 1 which ap- 
plies a current through the outside probes and 
measures the voltage drop between the two inner 
probes with a potentiometer. With a knowledge of 
slice thickness, diameter of slice, and probe spacing 
the resistivity may be computed. 1 
A new method has been developed which is used to 
measure the resistivity at microwave frequencies. The 
advantages of the new method are: 

1. Elimination of the four point probe and possi- 
ble damage to the material by it. 

2. Confinement of the measurement to a depth of 
material close to the surface as determined by 
the depth of penetration at microwave fre- 
quencies. 

3. Faster and more accurate measurements under 
conditions of manufacturing usage. 


[ee SEMICONDUCTOR INDUSTRY now uses a four 


*Western Electric Co., Allentown, Penna. 


Fig. 1—Four point probe. 
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Depth of Penetration 


Figure 2 shows the depth to which microwave sig- 
nals are effectively confined for different values of re- 
sistivity of the material being measured.’* This pro- 
vides a great advantage when the material being 
tested is thicker than the penetration depth. For slices 
0.007 inch thick measured at 9,000 megacycles this 
applies to material 0.1 ohm ecm. or lower. For 0.018 
inch thick slices measured at 9,000 megacycles, this 
applies to material 0.6 ohm cm. or lower. In these 


cases the measurement of slice thickness is unneces- 


sary, this saves time and eliminates another source 
of error. For material of higher resistivity, the slice 
thickness must be measured and is used to determine 
the resistivity. 

Figure 3 is the test fixture on which is laid a one inch 
diameter slice of silicon semiconductor material 0.007 
inches thick. Beneath this slice is a 0.218 inch by 0.400 
inch orifice coupling to a high Q transmission type 
cavity resonant at 9,000 megacycles. It loosely couples 


DEPTH OF PENETRATION VS. RESISTIVITY 


DEPTH OF PENETRATION 


1.0 \ 
RESISTIVITY (ohm- cm) 


Fig. 2—Depth of penetration vs. resistivity. 
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Fig. 3—Test fixture. 


two transmission lines. The slice so loads the cavity 
that the signal transmitted through the cavity in- 
creases as the resistivity of the sample decreases. In 
Fig. 3 a small weight is being placed upon the very 
light slice to increase the reproducibility of measure- 
ments. When the slice is thinner than the depth of 
penetration a weight can be used containing an insert 
of 100 ohm cm. or similar material to provide a rela- 
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Fig. 4—Resistivity vs. changes in cavity transmission. 


tionship shown in Fig. 4. Despite the fact that this 
microwave system is calibrated with samples whose: 
resistivity is originally determined by the 4 pointi 
probe method, it has been found to give more ac- + 
curate measurements under conditions of usage in aj 
manufacturing plant in certain resistivity ranges. 
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ERRATA 


The following error appeared in the taco! 
article “Flow Graph Analysis—Further 
Advantages.” (November, 1960) 

In equation (10) on page 34, the term 

a. re Woe RR1z/hie 
should not appear in the denominator. 
The conclusions are not affected since 
this term is subsequently dropped as 
negligible. 


METER BRANCH CURRENT 


Figures 5 and 8 in the article “The 
Use of Silicon Junction Diodes for the 7s, 
Protection of A-C and D-C Meter Cir- 
cuits” were in error. (March 1961). mat) 10 


6 10.0 ~ 100.0 
The correct versions are shown at the eee Cir CTANOLT AGE APPLIED INPUT VOLTAGE 
right. Figure 5 
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his report has been prepared by 
the Marketing Division of SEMI- 
CONDUCTOR PRODUCTS with 
the cooperation of many leading manu- 
facturers in the semiconductor industry. 
It is intended to report, as accurately as 
_ possible, the existing status of suppliers 
of raw materials, production equipment 
; and machinery to the industry. 
Suppliers listed in this survey were 
mentioned one or more times on ques- 
_tionnaires filled out by purchasing 
agents in the industry as being their 
' current source of supply. The report is 
| not intended as a recommendation or 
advertisement for any company men- 
tioned. 
Germanium—Although the use of ger- 
manium by manufacturers in the semi- 
conductor industry has dropped from 
85% to 70%, it remains the largest pri- 
mary material used. Eagle Picher holds 
its number one position as the largest 
raw material supplier while Sylvania’s 
Chemical & Metallurgical Div. leads in 
the area of processed germanium. 
Knapic Electro - Physics, American 
Metal Climax and Semi-Metals. rank 
next in the field. Other manufacturers 
such as Rare Metal Derivatives and 
United Mineral & Chemical Co. supply 
this material but in lesser quantities. 
Silicon—The use of silicon has been 
increased in the past year, and it is 
still the second largest single material 
used by the semiconductor industry. 
Three suppliers have taken the lead in 
supplying silicon: Merck, Grace and 
DuPont. Knapic Electro-Physics and 
Texas Instruments are in close con- 
tention, although it must be taken into 
consideration that Texas Insruments 
uses a great deal of its own silicon 
since it is the largest semiconductor 
device manufacturer. 
There are also several large device 
manufacturers who have their own 
chemical divisions supplying them with 
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Electric Furnace. 
(Despatch Oven Co.) 


LEPEL MGDEL HCP.0 
QUAL PURPOSE FLOATING 2UNE 
ANO CRYSTAL PULLING FIITURE 


FLOATING _~, 
JORE 
Floating Zone Purifier and Crystal 

Puller. (Lepel High Frequency 
Laboratories, Inc.) 


silicon but who have a sufficient sur- 
plus remaining for sale to the industry. 
Sylvania, Allegheny Electronic Chemi- 
cals, Tang Industries, Trancoa and 
Mallinckrodt Chemical have made much 
headway and are growing factors in 
the silicon field. General Electric and 
United Mineral & Chemical Co. may 
also be included, but not to any great 
extent. 

Chemicals—Since there are a_ great 
many types of chemicals used in the 
industry, most device manufacturers 
use two or three suppliers to fulfill 
their needs. Allied Chemical retained 
the number one position in supplying 
chemicals while J. T. Baker and Mal- 
linckrodt are extremely close seconds. 
Fisher Scientific, DuPont, Doe & Ingalls 
and Braun Chemical Co. continue to 
do a large volume of business in the 
chemical field. 

Other suppliers are Merck & Co., 
Beeco, Kern Chemical, Matheson, 
Coleman & Bell, Union Carbide, Har- 
shaw Chemical, Lehigh Valley Chemi- 
cal, Buston-Cross, Peerless Oil, Berg 
Chemical, United Mineral & Chemical, 
Tenso-Lab and Sessions-Gifford Co. 
Alloys—Alloys Unlimited appears to be 
the largest supplier of alloys and Alpha 
Metals is quite close to equal standing 
with them. Accurate Specialties and 
Semi Alloys rank next. Cominco, Alle- 
gheny, Sigmund Cohn, Secon Metals, 
Indium Corp., and Nesor are also doing 
a considerable volume of business in 
this field. Other names receiving a 
small segment of business are Metals 
and Controls and Handy & Harman. 
It must be noted, however, that many 
manufacturers list a number of sup- 
pliers, and different types of metals and 
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INDUSTRY REPORT 


MATERIALS AND MACHINERY USED IN THE SEMICONDUCTOR INDUSTRY 


alloys are used for different applica- 
tions. 

Crystal Growing Equipment—Probably 
less than 50% of the semiconductor 
device manufacturers grow their own 
crystals. Of this percentage, the major- 
ity have indicated that they make their 
own machinery for this purpose. 

Kahle Engineering is the major factor 

in this area with Hoffman Electronics 
and N.R.C. Equipment Corp. sharing 
the majority of business in this seg- 
ment of the industry. Other independ- 
ent manufacturers of crystal growing 
equipment are Philco, Westinghouse, 
Lepel, New York Air Brake, Alpha 
Metals, Accurate Specialties and North 
American Electronics. 
Vacuum Pumps—Most manufacturers 
use vacuum pumps in large quantities. 
Kinney Mfg. (Division of N. Y. Air 
Brake) seems to be receiving the vol- 
ume of this business. W. M. Welch is 
receiving a fair volume, as are Veeco 
Vacuum and N.R.C. 

Other companies engaged in this field 
are F. J. Stokes, Consolidated Electro- 
dynamics, Braun Chemical, Harshaw 
Scientific, Ajax, Macalaster-Bicknell, 
Consolidated Vacuum, and Howe & 
French. 

Furnaces—With very few exceptions, 
furnaces are used in extremely large 
quantities. Standouts in this field are 
Hevi-Duty and Lindberg Engineering. 
Also doing a comparatively large vol- 
ume of business in the field are BTU, 
Blue “M” Engineering, C. I. Hayes 
and Pereny. Other producers include 
Lansdale Equipment (Div. of Philco 
Corp.), Temperature Engineering, 
Sandland Tool & Machinery, Lepel, 
Chafin & Assoc., N.R.C. Equipment, 
G.E. Induction Heating Div., Macalas- 
ter-Bicknell, Northeast Mfg., Sargeant 


Resistivity Test Set. 
(Semimetals, Inc.) 
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Water Cooled Oven. 
(Tri-Metal Works Inc.) 


& Wilbur, Howe & French, Scientific 
Glass Apparatus, Electric Hotpack, Des- 
patch Ovens, Trimetal Works and C. M. 
Mfg. 

Test Instruments—lIt is difficult to ana- 
lyze this segment of the report due to 
the broad nature of the category. 
Tektronix seems to have cornered the 
market to a very large extent with 
Hewlett-Packard and Wallson its 
closest competitors. Other companies 
include Electronic Measurements, John 
Fluke Mfg., Philco Corp. (Lansdale 
Div.), Beckman Instruments, Dynatran, 
R.C.A., Electro - Instruments, Mosley 
Company, Boonton Electronics and 
many others too numerous to mention. 
Wire and Leads—Although a great 
many manufacturers were included in 
this category, Sigmund Cohn Mfg. re- 
mains the outstanding leader. Secon 
Metals, General Electric, Consolidated 
Reactive Metals, Engelhard Industries 
and Nesor Alloy are doing a large vol- 
ume of business in this category. 

Art Wire & Stamping, Sylvania, 
Alloys Unlimited, Alpha Metals are also 
in this field and as in the previous 
category, many, many more which we 
are unable to list. 

Seals and Enclosures—Since the aver- 
age manufacturer uses between 4 and 
7 suppliers in this category, it was 
impossible to compile all. the material 
and come up with a reasonable selec- 
tion of the major suppliers. 

Welding Equipment—The Taylor Win- 
field Corp. seems to have taken over 


Pulse Generator. 
(Tektronix, Inc.) 
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the lead in this category with Thomson 
Electric Welder, Federal Tool and Ray- 
theon mentioned with regularity. Others 
mentioned were Philco, Hughes, Ari- 
zona Welding, National Electric Weld- 
ing, Weldmatic, Ayles Welding, Denton 
& Anderson, New England Welding 
and P&H. 

Environmental Test Chambers—In the 
past year, Tenney Engineering Co. has 
remained the leader in the field of 
environmental test chambers. Statham 
Developmet Company has taken over 
a large segment of the business with 
Labline, Temperature Engineering, 
Grieve-Hendry, Guardite Co., Conrad, 
Bristol Co. and NRC Equip. Corp. also 
having been mentioned. Although few 
in number, some device manufacturers 
build their own equipment. 

Marking Machines—The Markhem Ma- 
chinery Company continues to corner 
the market in this field, receiving ap- 


Automatic Lead Straightener. 
(Design Tool Co., division of Federal 
Mfg. and Engineering Co.) 


proximately 85% of total volume with 
Popper & Sons also mentioned. 

Glass Beading Machines—Since this 
machinery is used in producing special- 
ized semiconductors, the majority of 
manufacturers cannot yet use _ this 
equipment. Kahle is actually the largest 
single supplier although Philco, Swan- 
son Erie, Eisler and Federal Tool were 
mentioned. 

Orientation Systems—It appears that 
the use of orientation systems by man- 
ufacturers has decreased. Those manu- 
facturers still using this equipment 
obtain it mainly from Micromech. 
Ceramics—Various types of ceramics 
and ceramic products are used by 
about 40% of the device manufacturers, 
due to the great variety of applications 
in the industry. American Lava remains 
the largest single supplier, with Mi- 
tronics, H. F. Coors and General Cer- 
amics having taken great strides in the 
field. Also mentioned are Engelhard 
Industries, Fusite, Hercon, Western 
Gold & Platinum, Technical Ceramics, 
Centralab, Duramic Products, French- 


Double Faced Glove Box. 
(Kewaunee Scientific Equipment) 


town Porcelain, Du-Co Ceramics and 
CHL 

Carbon Products—Carbon products con- - 
tinue to play an important part in the : 
refining of raw materials for transistor ° 
and diode production. United Carbon i 
holds its lead in this field, with Pure : 
Carbon making tremendous strides as } 
well. Others mentioned were National . 
Carbon, Stackpole Carbon, ‘Textool . 
Products, Ohio Carbon, Ultrasonic Pre- 
cision, Johnson Mfg., Transtronic Me- 
chanical, Adolf Bauer, Parker-Hartford, 
Speer Carbon and Superior Carbon. 
Epoxy Resins—These resins are used 
in the potting or sealing of semicon- 
ductor devices. Our survey indicates 
that Epoxy Products Co. is the largest 
single supplier of epoxy resins. Other 
companies mentioned were Minnesota _ 
Mining, DuPont Corp., Dow Chemical, 
Permacel, Armstrong, Philadelphia 
Resin, M. A. Bruder & Co., Shell 
Chemical Corp., Emerson & Cumming, 
Furane Plastics, Hysol, Epoxylite, Nor- 
rich Pla-tics, Smooth-On, and Polymer 
Industries. 

Wafering Machinery—The Micromech 
Mfg. Company has taken such tremen- 
dous strides in this field, that it has 
taken over the lead as the largest single 
supplier of wafering machinery. Do-All 
is receiving a large share of the busi- 
ness with Fitchburg, Kulicke & Soffa, 
Nichols, Syntron, Reid Brothers and 
Brown & Sharpe also mentioned. 


Slicing Machine. 
(Reid Bros., Inc.) 
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Moisture Analyzer. (Manufacturers 
Engineering and Equipment Corp.) 


Quartz—The third most essential mate- 
tial in the growing of crystals is quartz. 
‘General Electric and the Amersil Divi- 
‘sion of Engelhard Industries continues 
as the leading suppliers with Thermal 
American Fused Quartz Co., Corning, 
‘Knapic & Grace also mentioned. 

Dry Boxes—Although the majority of 
‘manufacturers in the semiconductor 
industry continue to develop their own 
‘dry boxes, the number of independent 
‘suppliers seems to be on the increase. 
‘Temperature Engineering remains the 
leading supplier with Philco Corp. 
(Lansdale Div.), Kewaunee Scientific, 
‘Ray Products, Hull Corp, Duralab 
Equipment, Metalab Equip., Textar 
Plastics and Gruenberg Electric receiv- 
ing some volume of business. 
Microscopes—Microscopes represent an 
important factor in the production of 
semiconductor devices both on the 
production line as well as in research. 
American Optical seems to have taken 
over the lead with Bausch & Lomb 
second. Nikon, Inc., Braun Chemical 
and Seiwa Trading were mentioned 
with some regularity and Macalaster- 
Bicknell, Carl Zeiss Co., Unitron, and 
Opto-Metric Tools also in the picture. 
Ultrasonic Cutting Tools—The -great 
majority of manufacturers have con- 
tinued to use this equipment, but as 
compared to the 90% of last year, the 
percentage has fallen off considerably. 
Raytheon and the Sheffield division of 
Bendix remain the major factors in the 
field. 

Micromanipulators—The use of micro- 
manipulators has increased to some ex- 
tent as compared to the previous year’s 
survey. Kulicke & Soffa Mfg. seems to 
have cornered the market in this field, 
with Philco (Lansdale Div.), C. A. 
Brinkman and DoAll also mentioned. 
Water Demineralizing Equipment—A 
very important segment of the produc- 


Hydrogen Purifier. 
(Milton Roy Co.) 


tion equipment category, water de- 
mineralizing equipment has two leading 
sources throughout the industry, these 
being Penfield Manufacturing Co., and 
Barnstead. Other firms supplying 
equipment of this type are L. A. Water 
Conditioning, General Ionics, Permutit, 
Graver, Cilligan, Hanstan Chemical, 
Illinois Water Supply and Infilco. 
Gases—It appears that more than 80% 
of the total volume of gases supplied 
to the semiconductor industry is ob- 
tained from either Air Reduction Co. 
or Linde Division of Union Carbide. 
Other firms in the picture are Burdett 
Oxygen, Dye Oxygen, National Cylin- 
der Gas Co., Ayles Welding, Thomas 
Edison Gas Co., Matheson and General 
Dynamics. 

Dessicant Dryers—This is a category 
with no single primary source of 
supply. The following firms obtain 
small shares of the total volume: Braun 
Chemical Co., C. I. Hayes, Engelhard 
Industries, Pittsburgh Lectrodryer, 
C. M. Kemp Co., Howe & French, 


Coated Strip for Bonding Semiconduc- 
tor Devices. (Alpha Metals, Inc.) 


Apparatus, Bristol 
and Trinity 


Scientific Glass 
Labs., U.S. Dynamics 
Equipment Corp. 
Laboratory Uniforms—It is quite ap- 
parent that no semiconductor manu- 
facturer can operate without lint-free, 
dust-free uniforms for laboratory oper- 
ation, and the following manufacturers 
are available as sources of supply: 
Worklon, Inc., Angelica Uniform Co. 
of California, Independent Garment 
Supply Co., Egineering Supply Co., 
Industrial Towel & Uniform Service, 
Suburban Coat & Apron Co., Apollo 
Coat & Apron Supply Co., University 
Rubber Co., Century Linen and Mary 
Roche. 

Laboratory Furniture—This, again, is a 
category with a pretty much diversified 
source of supply, no single company 
getting a majority of the total volume 
The following firms were mentioned: 
Kewaunee Scientific Equipment, Braun 
Chemical, Clico Chemical, Philco Corp., 
Duralab Equipment, Crandall Cabinets, 
George Hamilton Mfg., Howe & French, 
Scientific Glass, T. H. Von Kamecke, 
Bel-Art Products, Fisher Scientific, 
Metalab and Ajusto. 

Cutting Wheels—A major original 
equipment and replacement product in 
semiconductor material processing, the 
cutting wheel group is outstandingly 
dominated by the Norton Company 
with Navan Products a second large 
source of supply. Other suppliers listed 
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Vacuum Pencil for Handling Small 
Parts. (Kulicke and Soffa Mfg. Co.) 


were DoAll, Garrett Supply, Felker 
Mfg., Maurice S. Dassau Co., Chandler 
& Farquhar, Rudel Machinery, Sample 
Marshall Labs, and Mid Island Supply. 
Lapping Machinery—The largest single 
supplier of lapping equipment in the 
United States is Crane Packing, with 
P. R. Hoffman and Dallons Laboratories 
also doing a volume business in this 
field. Other suppliers listed were Speed- 
lap, Buehler and Strausbaugh. 
Program Controllers—The outstanding 
suppliers of program controllers to the 
semiconductor industry are Minneapolis 
Honeywell, West Instrument Corp. and 
Leeds & Northrup. Other suppliers 
listed were Wheelco Division of Barber- 
Coleman, General Electric, Norman 
Bragar and American Electric Furnace. 
Metal Plating—It has become quite 
apparent that most semiconductor man- 
ufacturers rely on local firms to do 
their metal plating. The following com- 
panies were listed in this category: 
Chem. Research, Burton Silverplating, 
Philco (Lansdale Div.), Bayside Indus- 
tries, International Plating, Newport 
Plating, Engelhard Industries, Sel Rex 
Corp., M&V Electroplating, F. M. Cal- 
lahan & Son, C&C _ Electroplaters, 
Harper-Leuder, Spectranome and Gier- 
ing Metal Finishing. 
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APPLICATIONS ENGINEERING DIGEST NO. 66 


‘Transistor Noise Figure; Semiconduc- 
tor Div. of Tung-Sol Electric Inc., New- 
ark, N.J. (K. Bahr) 


The noise factor, or noise figure, is a 
quantity which compares the perform- 
ance of an actual amplifier with an ideal 
or noiseless amplifier. It can be defined 
as the ratio of the total noise output 
power to that component of the noise 
output power due to the thermal noise 
in the source. 

The noise factor of a transistor is a 
function of the d-c operating conditions, 
the source resistance R, and the fre- 
quency f. Typical curves of NF vs f and 
NF vs R,z for modern alloy junction r-f 
transistors are shown in Fig. 66.2. 

The low frequency noise up to about 
1 ke in Fig. 662 is called flicker noise. 
It follows approximateely the 1/f law. 
A clean surface and low leakage are 
essential to minimize flicker noise. 


Fig. 66.1—Circuit for noise current. 


Circle No. 199 on Reader Service Card 
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Fig. 66.2—Noise vs. frequency. 


The flat portion of the curve in 
Fig. 66.2 is determined by the shot noise 
characteristics of the transistor. Shot 
noise is frequency independent up to 
the frequency where the common base 
forward current ratio decreases. For 
low shot noise a high « cut-off fre- 
quency, high gain and a low extrinsic 
base resistance 7’, are required. 

The noise factor of a transistor is the 
same in the common base and the com- 
mon emitter configuration. The com- 
mon emitter configuration is preferred 
since the optimum noise source resist- 
ance and the resistance for the matched 
condition are in the same order of mag- 
nitude. 

For the noise figure measurement the 
noise diode method is generally pre- 
ferred to the single frequency method, 
since it eliminates an accurate band- 
width measurement and the type of 


noise indicator is not critical as it has te q 
read only voltages of similar character~ + 
istics, ie. white noise. 
Fig. 66.3 shows the block diagram of | 
a noise figure test set. 1 
The noise current i, in Fig. 66.1 is 


in = /3.2-10%-T-B (1) 


J = d-c current in noise diode 
B = Bandwidth in cycles 


Where 


Using a power ratio: 


noise power output, diode on _ 


Mi - = 
noise power output, diode off 


A d-c current meter in the plate circuit |/ 
of the noise diode can be calibrated in i 
db noise figure: 


NF = 10 log 19.4 +I + Rg 
(Ey = 25°C) (2) 


Where R, = Source Resistance in ohms. | 
In general 
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Fig. 66.3—Block diagram of noise test 
set. 
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APPLICATIONS ENGINEERING DIGEST NO. 67 


A Comparison of MADT and Germa- 
nium Mesa Switching Transistors; 
Sprague Electric Co., North Adams, 
Mass. 


This article compares the MADT with 
the new mesa devices, both from the 
standpoint of device design and from 
the standpoint of circuit performance. 

In the cross-section of the mesa 
structure, shown in Fig. 67.1, it will be 
noted that the base and emitter junc- 
tion and contacts are made side by side 
and the collector junction area is con- 
trolled by the size of both the base and 
emitter. Note also the considerable 
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amount of germanium located between 
the actual collector lead and the collec- 
tor junction. In order to achieve high- 
frequency performance with this device, 
the evaporated gold stripe, which forms 
the base ohmic contact, and the evapo- 
rated aluminum stripe, which forms the 
emitter junction, must be made quite 
small. This means that the fine wires 
bonded to these junctions must also be 
quite small. The base ohmic contact 
and the emitter junction most both be, 
of necessity, located on the same sheet 
resistivity. Therefore, the device design 
must be compromised, It is desirable to 
have low resistivity to maintain low 


base resistance. On the contrary, it is 
desirable to maintain a high resistance 
at the emitter junction in order to 
achieve reasonable emitter breakdown 
voltage and satisfactory emitter injec- 
tion efficiency. 

In the MADT structure, it is not : 
necessary to make the collector any 
larger than the actual emitter junction. 
The compromise between sheet resis- 
tivity, to give low base resistance, and 
sheet resistivity, to give satisfactory 
emitter injection efficiency, is not nec- 
essary. Referring now to Fig. 67.2, it can 
be seen that the low resistance surface 
forms a ring base contact completely 
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' around the emitter. The base lead, how- 


_ ever, can be made remote to the emitter 
junction since the surface resistivity is 
very low. It is also apparent that the 
electrical connection to the collector 


_ junction is made right at the collector 
_ junction without a large block of ger- 


‘Manium in series with the collector 
junction. The elimination of these para- 
sitic elements means that in well-de- 
signed circuits, the MADT will be more 
stable and show better electrical per- 
formance than the mesa structure. 


Applications of High Frequency 


Transistors 


The usefulness of any communication 
system can be summed up in its over- 
load capacitance versus noise figure. In 

other words, how well can the system 
tolerate a signal which is much too 
strong; and, how sensitive is the sys- 
tem. That is, how well can it pick up 
very weak signals. These two extremes 
re determined by the automatic gain 


_ control of the system. Automatic gain 
- control is essentially a feedback mech- 


anism. Good circuit design dictates 
that it is better to use voltage feedback 


_ control on a high impedance output de- 


= ee 


vice. Referring to Fig. 67.3, one can see 
that a plot of overload level versus 
voltage for the MADT and mesa shows 
that the MADT is much more linear 
than the mesa. 

The MADT has an edge on the mesa 
in regard to noise figure. In general, it 
has been found that the MADT has 
about 1 db less noise than the mesa. 


_ Experimental MADT’s have been made 


- for use in TV tuners with noise figures 
— a 


lower than tubes. 4 of 
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Fig. 67.1—Cross-section of mesa struc- 
ture. 
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Fig. 67.2—Cross-section of MADT struc- 
ture. 
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Fig. 67.3—Overload vs. gain for 213 me 
amplifier. 


Another consideration in the design 
of high frequency circuits is the output 
capacitance of the active element. Out- 
put capacitance, Co», is relatively high 
for the mesa. This complicates circuit 
design by requiring the addition of 
neutralizing circuits. In the MADT on 
the other hand, C.» is so closely con- 
trolled that no adjustment of neutral- 
ization capacitors is needed and the 
manufacture of communications equip- 
ment is simplified. 


Switching Characteristics and Usage 


There are two types of transistor 
switching circuits which are quite pop- 
ular; the saturated type and the non- 
saturated type. At best, the non-satu- 
rated circuitry is only about twice as 
fast as the saturated circuitry and has 
the added disadvantage of dissipating 
more power and placing much more 
stringent requirements on the circuit 
design. The newer types of MADT 
transistors, however, will switch in 
saturated circuitry at speeds that ex- 
ceed present non-saturated circuitry. It 
will soon be possible to build saturated 
circuitry computers with switching 
speeds or repetition rates in excess of 
100 mc. The ambient temperature in 
non-saturated systems may run as 
much as 40 C higher than that of a 
saturated system. This means that the 
heat being dissipated by the transistor 
is two or three times greater in the 
non-saturated system than in a satu- 
rated system. Since it is generally ac- 
cepted that the device failure rate is 
a function of temperature, saturated 
circuit systems should be more reliable 
than the non-saturated systems. There- 
fore, a transistor such as the mesa, with 
a power-handling capability of 150 mw, 
actually is equivalent to a 50 mw 
MADT since, in actual use, nearly three 
times as much power must be dissipated 
to successfully use the mesa structure. 


+200 eeu @®) i—— 02+ 
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The most severe limiting switching 
characteristic in saturated circuitry is 
hole storage time. In testing mesa types 
against the standard 2N501 MADT in 
both mesa and MADT switching 
characteristic in saturated circuitry is 
faster than the mesa in both cases. 

The saturation voltage, Vou, is also 
of great importance in saturated cir- 
cuitry. Fig. 67.4 shows a large increase 
in Vex of the mesa at high current 
levels. This causes a higher device 
power dissipation and much less con- 
trol of output levels. 

The gain characteristic of the MADT 
versus current is constant over a very 
large range. (See Fig. 67.5.) The current 
gain of the mesa structure is a con- 
tinuous function of the collector cur- 
rent. As the trend in switching design 
is toward lower current levels, prima- 
rily for power consideration, the ability 
of the MADT to hold up in gain at low 
current levels is very desirable. Also, 
the gain characteristic of the MADT as 
a function of temperature is nearly 
constant, whereas the gain of the mesa 
structure increases very substantially 
with temperature. 


Reliability 

The MADT is designed to meet with 
ease all of the stringent military re- 
quirements of MIL-T-19500A. 

Although extensive life test data is 
not available, it has been shown by 
past experience in conservatively de- 
signed computers that the failure rate 
of the early very low powered 10 mw 
SBT’s was about .02% for 1,000 hours. 
The 85C storage failure rate for the 
same units was 2% per 1,000 hours. 
MADT?’s stored at 125C showed only 
1 failure in 300 units in 1,000 hours. 
Using the extrapolated figures derived 
from this field experience, it appears 
that the failure rate of the newer 
MADT’s should be in the order of .006% 
at 40C. 


[eC a ee 
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Fig. 67.4—Saturation voltage as a func- 
tion of collector current. 


Fig. 67.5—Beta vs. collector current. 
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PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 
and Circuits and Applications 


Compiled by SIDNEY MARSHALL 


ing i is i i i iconductors from 
The abstracts appearing in this issue cover the inventions relevant to semicon 
Mar. 24, 1959 to Apr. 28, 1959. In subsequent issues, patents issued from Apr. 28, 1959 to date 


will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


MARCH 24, 1959 


2,879,189 Method For Growing Junction 
Semiconductive Devices—W. Shockley. 
Assignee: None. Rate growing techniques 
are used to produce junction devices from 
a homogeneous melt. 


2,879,190 Fabrication of Silicon Devices— 
R. A. Logan, A. J. Peters, M. Tanenbaum. 
Assignee: BTL. Methods of making p-n-p 
and p-n-i-p silicon devices by a double 
diffusion technique. 


2,879,344 Semiconductor Signal Translat- 
ing Circuit of Variable Gain—E. Chat- 
terton. Assignee: Philco Corp. An ampli- 
fier having a bandwidth insensitive to 
variations in the a-g-c voltage applied to 
the transistors thereof. 


2,879,405 Semiconductor Photo-Electric 
Devices—J. I. Pankove. Assignee: RCA. 
Means for producing an electrical output 
which is a known function of a light 
beam position with respect to a photo- 
conductive device. 


2,879,409 Diode Amplifier—A. W. Holt. As- 
signee: USA (Dept. of Commerce). The 
reverse transient response of a semicon- 
ductor diode is employed to produce am- 
plification in a two element rectifying 
device. 


2,879,410 Electric Circuits Including Tran- 
sistor Devices—H. W. Loeb. Assignee: 
Automatic Telephone and Electric Co. 
Ltd. (England). A circuit in which a 
junction transistor forms a part of the 
Serpe load impedance of an electron 
ube. 


2,879,411 “NOT AND” Gate Circuits—A. 
H. Faulkner. Assignee: General Tele- 
phone Laboratories Inc. A switching cir- 
cuit. 


2,870,412 Zener Diode Cross Coupled Bi- 
stable Triggered Circuit. H. H. Hoge, 
D. L. Spotten. A circuit which requires a 
single source of supply voltage. 


2,879,457 Ohmic Semiconductor Contact— 
S. P. Wolsky. Assignee: Raytheon Manu- 
facturing Co. A strong connection is 
made to a silicon body by using a lead- 
indium alloying material. 


2,879,480 Frequency Modulating Transistor 
Circuits—D. E. Reed. Assignee: Western 
Electric Co. Inc. Sound induced changes 
in the collector to base impedance of a 
transistor cause a change in the fre- 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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quency of the r-f oscillator of the circuit 
described. 


2,897,482 Semiconductor Mixing Circuits— 


V. P. Mathis, J. J. Suran. Assignee: Gen- 
eral Electric Co. A converter circuit 
which provides a modulation product 
frequency produced by mixing an ex- 
ternally applied signal and a locally gen- 
erated signal. 


March 31, 1959 


2,880,117 Method of Manufacturing Semi- 
conducting Materials—J. M. Hanlet. As- 
signee: Societe d’Electronique et d’Auto- 
matisme (France). A method in which 
silicon is deposited on a heated metal 
plate in an atmosphere containing hydro- 
gen and silicon tetrachloride. 


2,880,312 Transistor Oscillator-Mixer With 
Received and Local Oscillations Applied 
Between Emitter and Base—R. C. Koch. 
Assignee: I. D. E. A. An i-f signal-pro- 
ducing circuit. 


2,880,330 Non-Saturating Transistor Trig- 
ger Circuits—J. G. Linvill, R. L. Wallace 
Jr. Assignee: BTL. A circuit in which the 
transistors continuously remain in the 
operating state. 


2,880,331 Time Controlled Signal Discrim- 
inator Circuit—O. L. MacSorley. As- 
signee: IBM. A circuit for signal discrim- 
ination based on a pre-established signal 
time code. 


2,880,332 Transistor Flip-Flop Circuit—C. 
L. Wanlass. Assignee: North American 
Aviation. A charge across a capacitor 
represents the state of the circuit, said 
charge being regenerated at each clock 
pulse. 


April 7, 1959 


2,881,103 Manufacture of Semiconductor 
Devices—D. J. Brand, J. Ewels. Assignee: 
The General Electric Co. Electrode man- 
ufacturing technique involving the use 
of a silicon-tin-aluminum alloy to form a 
silicon-aluminum layer on the semicon- 
ductor surface. 


2,881,267 Cascaded Transistor and Vac- 
uum Tube Amplifier—H. van de Weg. 
Assignee: North American Philips Co. 
Inc. A low distortion amplifier circuit. 


2,881,269 High Impedance Transistor Cir- 
cuits—R. A. Hanel, R. S. Stampfi. As- 
signee: USA (Dept of the Army). A cir- 
cuit arrangement which prevents normal 
base-collector fields from forming thus 
preventing signal current flow, and there- 
by providing high collector impedance. 


2,881,310 Frequency Compensation fon 
Gain Controlled Transistor Converter 
Circuit—D. D. Holmes Assignee: RCA 
Capacity variations applied to the oscilla- 
tor portion of the circuit compensate for); 
transistor input capacity variations asx 
a-g-c is applied to the device. 


2,881,332 Control Apparatus—J. L. Jensen..; 
Assignee: Minneapolis-Honeywell. A two- 
channel modulator for converting d-c to 
a-c, said conversion taking place in a 
channel determined by the polarity of) 
the d-c signal. 4 


2,881,333 Transistorized Counter—R. H./ 
Pickard. Assignee: USA (Navy Dept.). A‘) 
pulse counter circuit using two transis-- 
torized bistable multivibrators has an‘ 
adjustable scale of count of four or more.: 


2,881,369 Glass Sealed Crystal Rectifier— - 
J. N. Carman Jr. Assignee: Pacific Semi-~ 
conductors. A hermetically sealed crystal 
rectifier assembly employing a glass cy- + 
lindrical crystal housing subassembly |! 
sealed at both ends with Kovar shells. 


2,881,370 Manufacture of Semiconductor = 
Devices—I. D. Colson. Assignee: General 
Electric Co. Ltd. A semiconductor metal- - 
lic housing assembly configuration which 1 
promotes effective cooling of the device. . 


April 14, 1959 


2,882,192 Semiconducting Materials and ! 
Devices Made Therefrom—J. H. Wernick. . 
Assignee: BTL. Devices are made from: 
Cu, AsS, and Cu,SbS,, which materials : 
possess both intrinsic and extrinsic semi- — 
conducting properties. 


2,882,193 Semiconducting Materials and 
Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. P-N junction devices hav- . 
ing intrinsic energy gaps of 0.8 to 2 ev are 
made by addition of impurities from 
Group VII to the substances Cu,SbS,, Ag; 
AsS,, Cu, AsS,. 


2,882,194 Semiconducting Materials and 

Devices Made Therefrom—J. H. Wernick. 

Assignee: BTL. Means of producing p-n 

junction devices by addition of iodine to 
the substances CuSbS,, AgBiS,. 


2,882,195 Semiconducting Materials and 
Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. P-N junction devices 
having intrinsic energy gaps of 0.7 to 0.9 
ev are produced by introducing group 
VII impurities into the substances, 
CuPbSbS,, CuPbAsS,, CuPbBiS,. 


2,885,345 Register For A Telephone Sys- 
tem—A. H. Faulkner. Assignee: General 
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| Telephone Laboratories. A transistorized 
| pulse counter and register, counts and 
| registers the count on a binary basis. 


| 2,882,350 Complementary Transistor AGC 
# System—A. P. Stern, J. A. Raper. As- 
| signee: General Electric Co. A system, 
| the output amplitude of which is inde- 
' pendent of fluctuations of the supply 
» voltage. 


) 2,882,353 Series Parallel Transistor Cir- 
| cuits—N. Freedman. Assignee: Raytheon 
| Manufacturing System. An amplifier cir- 
» cuit arrangement which provides direct 
- cascading of amplifier stages and which 
_ eliminates the need for impedance match- 
ing means between successive stages. 


2,882,402 Transistor Oscillator—A. T. Ire- 
land. Assignee: USA (Dept of the Army). 
In an audio oscillator, the polarity of an 
applied d-c input signal determines which 
one of a pair of transistors will function 
' as such and which one will act as a low 
value resistor in a feedback circuit. 

2,882,424 Ring Circuit—L. E. Wohr. As- 


signee: IBM. A transistorized ring circuit 
of the Leslie type wherein separate in- 
puts are provided for the odd and even 
stages. 


2,882,450 Automatic Dluminating Control 
- Unit—O. J. McCabe. Assignee: Superior 
| Electric Co. In a system for maintaining 
a constant level of illumination, a de- 
tecting device having high light sensitiv- 
ity at both ends of the visible spectrum. 


2,882,462 Semiconductor Device—C. H. 
Zierdt. Assignee: General Electric Co. 
Means for producing a_ hermetically 
sealed housing for a semiconductor de- 
vice. 


2,882,463 MultiCollector Transistor Provid- 
ing Different Output Impedances and 
Methods of Producing Same—A. H. Dick- 
inson. Assignee: IBM. A device having at 
least two collector electrodes, one of 
which contains a donor type material and 
which manifests a low output impedance. 


2,882,464 Transistor Assemblies—M. E. 
Blais. Assignee: Raytheon Manufacturing 
Co. Method of manufacturing a compact 
tubular shaped p-n-p or n-p-n transistor. 


2,882,465 Transistor—J. R. MacDonald. As- 
signee: Texas Instruments Inc. A multi- 
ple base annular shaped transistor device 
suitable for use as a high frequency am- 
plifier, power amplifier, or modulator, 
depending on bias arrangements. 


2,882,466 Broad Band Microwave Point 
Contact Rectifier-—C. E. Weaver, J. G. 
Hambor. Assignee: Gahagan Inc. A de- 
vice operable in the frequency range 100 
me to 10,000 me. 


2,882,467 Semiconducting Materials and 
Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. Semiconducting materials 
having a range of intrinsic energy gap of 
0.6 to 1.0 ev comprising the substances 
AgSbSe., AgBiSe,, AgAsSe, and methods 
of production thereof. 


2,882,468 Semiconducting Materials and 
Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. Semiconducting Materials 
having a range of intrinsic energy gap 
of 0.3 to 0.8 ev comprising the substances 
AgSbTe,, AgBiTe,, AgAsTe,, and meth- 
ods of manufacture thereof. 


2,882,469 Semiconducting Materials and 


Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. Semiconducting materials 
having a range of intrinsic energy gap of 
0.2 to 0.8 ev comprising the substances 
CuSbSe., CuAsS., CuAsSe., devices made 
therefrom and methods of production. 


2,882,470 Semiconducting Materials and 
Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. A semiconducting com- 
pound of Cu,SbSe, having an intrinsic 
energy gap of 0.2 ev and a point contact 
device made therefrom. 


2,882,471 Semiconducting Materials and 
Devices Made Therefrom—J. H. Wernick. 
Assignee: BTL. A semiconducting com- 
pound of AgAsSe, having an energy gap 
of 0.4 ev, and point contact and junction 
devices made therefrom. 


2,882,514 Electric Circuit Connector—H. K. 
Krantz. Assignee: BTL. A socket assem- 
bly suitable for use with transistor units 
having pin type contactors. 


April 21, 1959 


2,883,108 Electronic Counter—R. D. Thorn- 
ton. Assignee: United-Carr Fastener 
Corp. A transistorized device for count- 
ing objects or shaft revolutions. 


2,883,269 Production of Elemental Silicon 
—I. J. Krchma, C. M. Olson. Assignee: 
E. I. du Pont de Nemours & Co. A vapor 
reduction method for producing elemen- 
tal silicon from a vapor of silicon halide 
containing trace impurities of zine or 
cadmium. 


2,883,313 Semiconductor Devices—J. I. 
Pankove. Assignee: RCA. A multielec- 
trode semiconductor device which oper- 
ates with input injection of both elec- 
trons and holes, and can be employed in 
cascade arrangement without separate 
bias thereof. 


2,883,454 Signalling Systems—G. C. Szik- 
lai, R. D. Lobman. Assignee: RCA. In a 
television receiver, a single transistor 
circuit which performs the functions of 
d-c reinsertion, syne separation, and syne 
amplification. 


2,883,459 Carrier-Current Intercommuni- 
cation System—Y. Roy. Assignee: None. 
A transceiver arrangement which im- 
presses an r-f carrier on the electric 
power line of the system, employs capaci- 
tive coupling of the rectifying circuit to 
the amplifying and reproducing circuit. 


2,883,463 Telephone Pay Station—W. D. 
Goodale Jr., W. Pferd. Assignee: BTL. In 
a telephone system a transistorized coin 
collector mechanism control circuit. 


2,883,473 Transistor Gating Circuit—B. 
McDermott. Assignee: BTL. A_ circuit 
which confines a voice-frequency signal- 
ling current to a limited transmission 
path in a transmission system. 


2,833,474 Transistor Gating Circuit—W. F. 
Fritschi. Assignee: BTL. A circuit which 
assists in preventing leakage of voice fre- 
quency signalling current into the voice 
frequency transmission path. 


2,833,479 Class B Amplifier Biasing Circuit 
—A. I. Aronson. Assignee: RCA. A class 
AB or class B signal amplifier employing 
d-c feedback to provide stable and low 
distortion transistor operation with loss 
of gain or power. 


2,883,539 Transverter—G. Bruck, W. Har- 
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ter, S. C. Vandoch. Assignee: Avco Mfg. 
Corp. A d-c to a-c to d-c converter for 
changing d-c voltage levels. 


2,883,544 Transistor Manufacture—P. Rob- 
inson. Assignee: Sprague Electric Co. An 
electron beam directed against a semi- 
conductor forms a cavity therein by gen- 
erating sufficient heat to volatilize the 
material in the target area, and which 
generates x-rays the intensity of which 
provides a measure of cavity depth. 


2,883,562 Circuit For Producing Timing 
Control Signals—R. E. Graham, E. R. 
Kretmer. Assignee: BTL. A transistorized 
clock circuit. 


2,883,591 Semiconductor Rectifier Device— 
H. R. Camp. Assignee: Westinghouse 
Electric Corp. A liquid-to-vapor self-con- 
tained heat exchange system for cooling 
semiconductor devices. 


2,883,592 Encapulated Selenium Rectifiers 
—L. W. Burton, J. R. Thurell Jr. As- 
signee: General Electric Co. A method of 
encapsulating a selenium rectifier in an 
organic thermosetting casting resin. 


April 28, 1959 


2,884,544 Electrical Circuits Employing 
Semiconductor Devices—J. T. Warnock. 
Assignee: Philco Corp. Semiconductor 
pulse producing circuits. 


2,884,545 Transistor Protection Circuit— 
G. B. Houck Jr. Assignee: General Preci- 
sion Laboratory Inc. A circuit arrange- 
ment which provides transistor circuits 
with protection against high reversed cur- 
rent voltages. 


2,884,546 Electronic Single-Pole Multi- 
throw Switch—R. W. Emery, R. A. Henle, 
J. C. Logue. Assignee: IBM. A circuit 
capable of providing a signal at anyone 
of a number of output terminals upon 
application of an appropriate input signal. 


2,884,607 Semiconductor Nonlinear Capaci- 
tance Diode—A. Uhlir Jr. Assignee: BTL. 
A semiconductor p-n junction diode 
which exhibits nonlinear capacitive re- 
sponse at high frequencies and high 
power levels. 


2,885,149 Transistor Rull Adder—G. L. 
Clapper. Assignee: IBM. A transistor bin- 
ary full adder which is operable in a 
series or parallel arrangement. 


2,885,309 Method of Tempering Selenium 
Layers For Selenium Rectifiers and Prod- 
uct—F. Brunke. Assignee: Licentia Pat- 
ent—Verwaltungs GBMH (Germany). 
Means of converting crystalline Selenium 
II to another allotropic crystalline form, 
Selenium III, which has more desirable 
electrical properties. 


2,885,364 Method of Treating Semicon- 
ducting Materials for Electrical Devices— 
A. I. Swartz. Assignee: Columbia Broad- 
casting System Inc. Purification and ad- 
justment of electrical properties of sili- 
con is accomplished by treatment with 
aluminum in an inert atmosphere. 


2,885,478 Loudspeaking Telephone Em- 
ploying Transistors—G. F. Cerofolini. As- 
signee: General Telephone Laboratories 
Inc. A loudspeaker and amplifier system 
built into the telephone subset with pro- 
vision for simplified control based on the 
position of the hand set. 


(To be Continued) 
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This paper discusses a method of binary-to-digital con- 
version using ‘‘AND”’ logic. 


me Sic é ny . : logic 
Description of a conventional diode transistor NOR 
element design to possess 40 psec delays per logic func- 
tion and high reliability by eliminating clamps, speed-up 
capacitors and high power consumption. 


Four different sets of design equations are derived for 
the problem of maximum power transfer from a class 
“RB” transistorized stage to a resistive-load. 


In Part 1, the equivalent circuit was introduced. All 
parameters discussed in Part 3 will refer to this equiva- 
lent circuit. Definitions of the parameters in this equiva- 
lent circuit are given here. 


This article examines the causes of these phenomena and 
investigates to what extent and under what conditions 
they are introduced by the transistor itself in the h-f 
amplifier stages. 


The thermal and optical characteristics of two photo- 
transistors have been investigated in order to facilitate 
the design of photo-heads for use under heavy industrial 


conditions. 


Two methods of obtaining +300V stabilized supplies from 
a common low voltage source are described. 


Development of an Ampex ‘instrumentation wideband 
magnetic tape recorder from the “Videotape” TV recorder. 


Three types of read-out display using a meter movement, 
filament lamp, and neon lamps, are considered for use 
with the transistor operated scalars. 


The various methods used for predicting the perform- 
ance of switching transistors and their validity under 
conditions of large collector currents is discussed. 


Silicon semiconductor devices can be formed by vapor 
deposition of single-crystal layers on single-crystal sili- 
con substrate. Technique is applicable to formation of 
complete circuits. 


Equations fer maximally flat magnitude design and 
simpler pole-zero cancellation design are presented. Ex- 
amples and circuits clarify design steps. 


Silicon-controlled rectifiers in flip flop circuit replace 
thyratron power supply in long life and high reliability 
apparatus application. 


Memory circuit samples the amplitude level of a varying 


signal, storing the sampled voltage level until com- 
mane? to release the stored voltage and take a fresh 
sample. 


Conditions for uniform -gain despite variation in tran- 
sistors; beta values are derived from Thevenin equiva- 
lents of the transistor biasing arrangements. 


Survey of detector characteristics. 


Techniques for adapting and using instruments to measure 
the admittance parameters of high frequency transistors. 


Engine parameters are recorded by a transistorized cir- 
cuit while an automobile undergoes road tests. 


Design evolution of a well protected regulator. 


This article describes a microcircuit binary full adder 
that uses unipolar field effect transistors as its active 
and passive elements. 


The azimuth servo system is composed of two separate 
input systems: the eye system (an array of photo- 
detectors) and the rate gyro. 


As a guide te what is currently available the editors have 
assembled (from material furnished by manufacturers) a 
list of these devices. 


Energy level diagrams are used to develop the current 
sauations which define the operation of junction tran- 
Stors. 


A semiconductor diode unit is described which is de- 
signed to reduce insensitive-period-time caused by grid- 
circuit capacitor charge in tube circuit instruments. 


A simple circuit is described which uses one electro- 
magnetic switch for obtaining the V-A characteristics 
and the coordinate axes jointly. 


A simple method of measuring the resistance of semi- 
conductors at high frequencies by means of i 
Q-meter is described. cf Ciceue acy 


Circuit eae descri tion are iven f conomical 
; p fed £0) an e 


Method is suitable only for studyi i i 

ying isotropic mono- 
crystals and homogeneous layers which eonsict of small 
isotropic or anisotropic crystals. 
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Physical Review 
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Several laboratory type current stabilizer circuits of 
ma are aescribed. The stabilizers use photocom- 
pensated amplifiers and standard cells. The accuracy of 
stabilization is about 10-. 


A transistorized apparatus is described which can oper- 
ate at indefinitely low frequencies, and which automat- 
ically records the number of pulses received during an 
arbitrary time interval. 


The photo emissive process is discussed and values for 
the band gaps and electron affinities are presented. 


Radiation emissivity of a semiconductor specimen can 
be calculated from measured temperatures. 


Four regions having different current voltage character- 
istics are observed in CdS powder cells upon application 
of various voltage levels thereto. 


An analysis is made of equilibrium space charge density 
and the effect thereof on the terminal characteristics 
of a photo conductive field-effect transistor. 


ain and avalanche multiplication interaction 
in three-layer diodes is employed to produce uniform 


When gold is diffused into silicon at high temperatures, 
right handed silices are formed from left handed screw 


Silver selenide has been prepared by fusion techniques 
and found to be a good thermoelectric material. The 
Seebeck coefficient, resistivity, and thermal conductivity 
have been measured as a function of temperature. 


= TITLE PUBLICATION 

Stabilizers of Weak Currents ot Exp Tech 

: r i Tekh Eksp (tr 0.1-11 
Dec 1960 Be) 

An Apparatus for Automatically Inst Exp Tech 

Recording a Number of Impulses Pr i Tekh Eksp (tr) 

at Low Repetition Rates Dec 1960 

Photo Emission and Related Prop- JL Appl Phys 

erties of the Alkali-Antimonides Dec 1960 

‘Measurement of Thermal Conduc- JL Appl Phys 

tivity by Utilization of the Pel- Dec 1960 

tier Effect II—Correction for Wire 

Radiation and Determination of 

Specimen Radiation Emissivity 

“Mechanism of Photoconductivity JL Appl Phys 

in Micro Crystalline Powders Dec 1960 

Field Effect Modulation of Photo- JL Appl Phys 

conductance in a Quasi Intrinsic Dec 1960 

Semiconductor 

Uniform Avalanche Effect in Sili- JL Appl Ph 

con Three-Layer Diodes Dec 1960 om gg ide 

avalanche effect. 

Gold Induced Climb of Disloca- JL Appl Ph 

tions in Silicon Dec 1960 se 
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Thermoelectric and _  Crystallo- JL Electrochem Soc 


Three methods have been investigated for separating 
trace amounts of sulfur present in high-purity arsenic. 
These are: (a) vacuum sublimation, (b) sublimation in 
a hydrogen stream, and (c) distillation of arsenic from 
an arsenic-lead solution. 


During the growth of indium antimonide crystals from 
the melt, planar crystallographic facets can develop on 
the solid liquid interface. 


A detailed account is given of the calculation of the 
energy levels, starting from the ionization energies on 
we eck ions and combining them with Madelung po- 
entials. 


Values of extrapolated thermal energy gap Eo, electron 
mobility, and mobility ratio have been determined for 
some twenty-four specimens covering the complete com- 
position range. 


ZnS-In phosphors, which are efficient upon excitation 
with \=3650°A. where prepared by firing in HeS at 
1200°C and quiet cooling to room temperature. 


An analysis of cathodoluminescense and electron bom- 
bardment induced conductivity is given taking into ac- 
count the surface recombination and diffusion processes. 


The pressure of the energy gap corresponding to allowed 
optical transitions in germanium has been measured at 
room temperature and pressures up to 7000 kg/cm. 


The adiabatic elastic constants of a single crystal hex- 
agonal cadmium sulfide were measured at 27°C. 


A theory of solubility is developed which is based on 
estimating the change in energy and in entropy when 
impurity is placed in an interstitial site on the lattice. 


Transistorized circuit is designed so that compensation 
for changes in the conductivity of water occurs auto- 
matically. 


The theory that p-type semiconductors should exhibit a 
higher photoelectric quantum efficiency than n-type semi- 
conductors is verified by measurements of the photo 
emission from calcium covered silicon surfaces. 


Measurements of the resistivity of n-type InSb of various 
carrier concentrations have been made as a function of 
electric field strength at low temperatures. 


Study made at helium temperatures. Experimental results 
indicate that recombination probability varies approxi- 
mately with the inverse of the square of the temperature. 


The blue and green fluorescence emitted by CdS single 
crystals subjected to ultraviolet radiation at low tem- 
peratures has been examined in the temperature interval 
from 4.2°K to 77°K, 


Existing experimental data on GaAs are reviewed and 
angen to yield the band structure in the vicinity of 
the band edges as well as the parameters characterizing 
the bands summarized in this band. 


Optical properties and reflection measurements were made 
on a single crystal of CdSe with light polarized parallel 
and perpendicular to the ec axis. 


The electrical properties of chemically deposited lead 
sulfide films have been investigated as a function of 
frequency from d-c into the microwave region. 
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new Thermoluminescent Dosime- 
er 


Simple Apparatus for the Growth 
of Germanium Dendrites 


A Survey of Semiconductor De- 
ue ane Circuits in Computers. 
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Photovoltaic Conversion of Solar 
Energy 


A Tunnel Diode Monostable Mul- 
tivibrator 


Determination of Carrier Mobility 
and Density in the Surface Layer 
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Parameters of Recombination Cen- 
ters Created by Copper in Ger- 
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Electrical Conductivity and Photo- 
electric ccs of Cadmium 
and Zine Telluride Layers 


Anisotropy of Electrical Proper- 
ties of Single Crystals of Cadmium 
Antimonide 


Thermomagnetic Properties f 
Gallium Antimonide " . 


Thermoelectric Properties of Al- 
loys of the Pseudo Binary System 
SbTes-BiTes 


The Optical and Photo Electric 
Properties of Zinc Selenide and 
Telluride 


Anisotropy of Certain Electrical 
Properties of Single Crystals 
of Zinc Antimonide 


Vacuum Techniques and Equip- 
ment 


Semiconductors and ‘Technical 


Progress 


34 


Physical Review 
Dec 15, 1960 


Physical Review 
Dec 15, 1960 


Proc Phys Soc (Br) 
Dee 1960 


Proc Phys Soc (Br) 
Dec 1960 


Proc Phys Soc (Br) 
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RCA Review 
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RCA Review 
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Dec 1960 
Rev Scient Instmnts 
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Semiconductor Prods. 
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Semiconductor Prods. 
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i ipticity i stem of quasi- 
The Faraday rotation and ellipticity in a sy! ; 
free carriers is discussed and applied to microwave meas 
urements on semiconductors. 


retical model which assumes_ intervalley lattice 
ae ne by phonons of 630° and 190 K characters © 
temperatures in addition to the usual intravalley acoustic 
lattice scattering has been applied to the results of ie 
urements of electrical conductivity, Hall effect and beh 
field magnetoresistance in the 30° to 350°K_ temperature 
range in samples of nearly pure n-type silicon. 


A series of detailed measurements of the absorption spec- 
trum of high quality single crystals of n-type in nee 
antimonide has been made in the wavelength range 0 
15 to 1304, and over the temperature range of 4.2° to 90°K. 


nfrared absorption measurements from 1 to 34p have 
ee made ed germanium containing various amounts 
of antimony and copper at temperatures down to 20°K. 


A pulse method, developed for the study of effective 
anohility in insulating solids, is applied to evaporated 
specimens of vitreous Se. 


Review of characteristics of various types of amplifiers. 
These include traveling-wave tubes, tunnel diodes, cooled 
and uncooled parametric amplifiers and masers. Areas of 
usefulness are described. 


Varactor diodes with superior h-f performance are de- 
scribed. Fabrication is illustrated. A method of measuring 
diode parameters at 2 kmc was developed. 


A floating zone technique for growing crystals of medium 
high melting point materials with an arc image furnace 
is described. 


A solid-state constant current supply which operates in 
the current range of 1 to 100 wA with load resistances 
up to several hundred megohms is described. 


The sensitivity of detectors used in sample modulated 
microwave spectrometers is investigated. 


A simple dosimeter design is described in which a ther- 
moluminescent phosplier is mounted on an electrically 
heatable support in an evacuated or gas filled envelope. 


A description is given of a simple resistance-heated ap- 
paratus for pulling germanium dendrites. 


The basic theory pertaining to the switching aspects of 
conventional transistors is briefly reviewed, and a survey 
is made of conventional transistor devices and the prob- 
lems encountered in their fabrication. 


The preparation and characteristics of silicon solar cells 
is discussed and a large assembly of solar cells capable 
of lighting a 100-watt lamp is described. 


Discussion of the tunnel diode as applied in a mono- 
stable multivibrator circuit. A mathematical desi anal- 
ysis is presented along with a study of the effects of 
temperature and supply voltage variation. 


Two Hall Effect methods of measurements are described. 


A study of the location in the germanium ener spec- 
trum, the captive cross section for electrons and holes, 
and the temperature dependence of these cross sections 
of the forbidden zone levels in copper doped germanium. 


The photo sensitivity of crystals is shown to be depend- 
ent upon the concentration of local levels in the upper 
part of the forbidden band. 


CdTe layers 1 mw thick demonstrate high photosensi- 
tivity in the visible and near infrared portion of the 
spectrum. A theory of the mechanism is presented. 


Measurements indicate that the electrical properties of 
cadmium antimonide crystals are anisotropic and that 
ey width of the forbidden band for CdSb is about 
57 ev. 


Results of measurements of the Nernst-Ettingshausen 
effects in p-type germanium are presented. 


The effect of firing on the electrical conductivity and 
thermal e-m-f of pressed specimens is described and 
alloy properties are discussed. 


A determination. of physical properties of the substances 
such as resistivity absorption coefficient, width of for- 
bidden band, luminescence, and others. 


The electrical properties of ZnSb are shown to be ani- 


sotropic and calculation of a forbi i i 
Sorte ete of a forbidden band width yields 


The engineering uses of high vacuum are many. Although 
freely available in outer space, vacuum must be produced 
in the laboratory through careful technology. The methods 


ne the problems encountered are discussed in this 
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A design method for a cathode coupled crystal oscillator 
which operates in the 75 me to 150 me range. 


Transistor circuits furnish pose for lead or lag charac- 
teristics of magnetic amplifiers with negligible effect on 
gain or drift of said amplifiers. 


A handbook of currrent methods. 


Devices for use in digital systems operating in the tem- 
perature range—55° to 100° C. 


A medium frequency high Q band pass filter using tran- 
sistor negative feedback to increase Q. 


Design techniques for synthesis of band pass filters. 


A scanning head using a transistor modulator circuit and 
a two stage transistor amplifier. 


Progress report on studies in this area. 


Circuit evaluation and transistor parameter tests are con- 
ducted. 


Two sets of design data sheets are developed based on 
power relationships in a feedback oscillator, and nega- 
tive resistance analysis of a Pierce oscillator. 
Techniques of producing intrinsic barrier transistors, par- 
ticularly coaxial transistors. 


Design theory for electronic tuning type p-n-p-n variable 
capacitance diodes. 


Design, fabrication, and performance of a grown-diffused 
silicon triode transistor. 


Means for mass producing a transistor device. 


The dislocation etch pit arrays in polycrystalline and 
single-crystal InSb are discussed. 


A method of calculating azimuthal positions of double 
x-ray reflection points. 


A study of AseTes and Sb2Ses 


A discussion of the use of the photomagnetoelectric effect 
to measure lifetime in p-type silicon. 


Results of low energy electron diffraction experiments on 
the (111) face of a silicon crystal are discussed. 


Lattice structure and gas adsorption of silicon and silicon 
carbide is studied. 


Low energy electron diffraction methods are used to study 
atomic arrangement for InSb and adsorption characteris- 
tics for oxygen. 


Sharp diffraction Reece from a (111) InSb surface are 
obtained after ion bombardment and annealing treatments. 


The role of the ambient pressure in thermal etching is 
studied. 


Vapor phase deposition of silicon on tantalum is discussed. 


Methods of preparation of boron tribromide and deposi- 
tion of elemental boron. 
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Industry News... 


CONFERENCE CALENDAR 


The Following July 1961 


July 10-14 Conference on Optical Instruments & Tech- 
niques, London, England. Sponsored by the 
International Commission for Optics. 


July 16-21 4th International Conference on Medical 
Electronics combined with 14th Annual Con- 


RESEARCH AND 


A facility for simulating outer space conditions, in which 
semiconductor materials will be studied, is being built by 
CBS Laboratories, a division of Columbia Broadcasting 
System, Inc., at its Research Center in Stamford, Conn. 
Dr. Peter C. Goldmark, President and Director of Re- 
search, announced that CBS Laboratories has been 
awarded a contract for this study by the U. S. Air Force. 
Its purpose is to provide the Air Force with recommenda- 
tions as to which semiconductor materials should be used 
in various space applications. Dr. Wolfgang W. Gaertner, 
Vice President, Solid State Research and Development, 
will direct the program. 

“With the instrumentation in space vehicles becoming 
more complicated and versatile, it is increasingly impor- 


The rapid strides being made in development of ther- 
moelectric materials has opened a new field for cooling 
systems based on using these devices according to Al- 
bert G. Babeaux, vice president of The Birtcher Corpora- 
tion. Keeping pace with materials development, the firm 
has launched a program of R&D in application engineer- 
ing to provide systems and sub-systems for cooling vari- 
ous electronic systems and components. The company’s 
research and development efforts have been concentrated 
in the broader aspects of systems applications rather than 


A cooperative program to develop low cost thermo- 
electric couples has been initiated by Transitron Electronic 
Corporation and the American Gas Association. The firm 
has had a thermoelectrics program under way for 2 years 
and already has developed a lead telluride of greatly 
improved strength and optimum thermoelectric param- 


08 


Meetings Are Scheduled: 


ference on Electrical Techniques in Medicim 
& Biology, Waldorf Astoria Hotel, N.Y.) 
Sponsored by IFME, JECMB, IRE-PGBME 
For Information: Dr. Herman P. Schwan 
Moore School of Electrical Engng., Univer: 
sity of Penna., Philadelphia 4, Pa. | 


DEVELOPMENT 


tant to study the effects of space environments on varioui| 
types of materials,” Dr. Gaertner explained. “Semicon: 
ductors must be investigated intensively because thei 
characteristics are sometimes strongly affected by many, 
types of radiation which are found in different region: 
of the atmosphere and outer space. In the new space: 
simulation facility, we will be able to expose semicondue® 
tor materials to radiation ranging from visible, ultraviole¥ 
and infrared radiation to high-energy electrons. This ex+ 
posure will take place under the vacuum and temperatur« 
conditions prevalent in the upper atmosphere and in oute= 
space. The properties of the material then will be evalu 
ated to predict their actual performance in space ve 
hicles.” 


the thermoelectric cooling devices themselves. Mr. Ba-: 
beaux said that the devices constitute a means for a reat 
breakthrough in solving problems of thermal environ-. 
ment, but that it will now require specialists to analyze 
methods of heat removal from the concept of entire sys- 
tems. He believes that “thermal engineering” will be a 
separate engineering function and in fact calls his R&L 
staff “thermal engineers.” 

The industrial division has been engaged for the past 
18 years im the design and manufacture of cooling devices 
for tubes, components and semiconductors. 


eters. The company states that they have also develope 

a new bonding process which uses a metallurgicall 

bonded junction which has resulted in significantly in 

creased yields and has made possible the production of a 
complete couple in one operation. 
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New 


Microcircuit Machine 


A new piece of equipment which will 
complete any microcircuit up to 1.25” 
square in one continuous operation, from 
blank to a finished and electrically tested 
circuit, has been designed to speed re- 
search of design engineers, increase out- 
put on production lines, and reduce costs 
of both development and manufacture. 
Kulicke and Soffa Manufacturing Com- 
pany, Inc., offers this K&S Model 410 
Microcircuit Machine on 90 day delivery. 
It has been designed so that any micro- 
circuit an engineer can create using the 
equipment in the research laboratory can 
be reproduced in quantity with speed 
and precision using the same equipment 
in the manufacturing plant. 

Circle 100 on Reader Service Card 


Miniaturized Tunnel Diodes 


Sylvania Electric Products Inc. and 
General Telephone & Electronics Labora- 
tories Incorporated’ have - announced 
jointly the development of a miniaturized 


tunnel diode, which oscillates at frequen- 
cies of 10,000 me and above. Designated 
D-4168-D, the 10 kmc, P-type germanium 
tunnel diode has peak currents of ap- 
proximately 3.5 ma and minimum peaks 
to valley ratios of 5:1. Peak current 
ranges from 4 to 50 ma have also been 
developed. 
Circle 113 on Reader Service Card 


Miniature Markers 


Self-Sticking Miniature-Size Serial 
Number Markers for electronic compo- 
nents, in sizes .060” x .200” and .120” x .200”, 
are available from W. H. Brady Co. Se- 
rial Numbers are accurately and legibly 
printed on the markers. Special materials 
developed especially for the markers 
stick-at-a-touch to the component body. 
They stay stuck at temperatures up to 
300°C (572°F.). Markers are also printed 
with special information, such as com- 
ponent value, JEDEC Type, polarity 
symbol, manufacturers trademark, date 
code, or any combination of these. Many 
different materials are available in thick- 
nesses from .001” to .004”. 

Circle 114 on Reader Service Card 
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Products 


Bell Jar Vacuum Coaters 


Two new bell jar vacuum coating sys- 
tems offer advanced performance both 
in production of thin metallic films for 
microminiature electronics and in re- 
search on molecular electronic vacuum 
coatings, according to the manufacturer, 
NRC Equipment Corporation. Model 3164 
has the new high speed NRC 4” fraction- 
ating vacuum oil diffusion pump with 
speed rating of 750 liters per second. 
Model 3166 uses NRC’s counterpart 6” 
pump, rated at 1550 liters per second. 

Circle 112 on Reader Service Card 


_ Alloy Spheres 


Tin-selenium, tin-tellurium, gold-tin 
and gold-tellurium spheres used in the 


manufacture of gallium-arsenide semi- 
conductor devices are available from 
Alpha Metals, Inc. These spheres are 
produced in diameters as small as .002”. 
They are available with up to .6% selen- 
ium and 1.7% tellurium. 

Circle 104 on Reader Service Card 


Recording Curve Tracer 


Aerotronic Recording Curve Tracer, 
Model 558, is designed to plot both the 
forward and reverse characteristics of all 
diodes, including Zeners, either auto- 
matically or manually with better than 
+ 1% accuracy. The forward voltage is 
fixed at 1.0 volt full scale with five for- 
ward current ranges of from .5 milliamps 
to 50.0 milliamperes per inch. There are 
seven reverse voltage ranges from 1.0 to 
100.0 volts per inch and three reverse cur- 
rent ranges of 1.0, 10.0 and 100 microam- 
peres per inch. 

Circle 136 on Reader Service Card 


Fast Switching Diode 


A new hermetically sealed miniature 
glass diode with very low capacitance 
and especially applicable for fast switch- 
ing applications has been developed by 
United Components, Inc. Type UCI-362 
has a shunt capacitance of 1 uuf and is 
designed for switching in the nanosecond 
range. It fully meets all military require- 
ments for mechanical and environmental 
conditions. 

Circle 124 on Reader Service Card 


Electrolytic Capacitors 


Single-ended plastic-encased miniature|” 
electrolytics for use on printed wiringi 
boards used for transistor-type electronici), 
circuits are now available from thei 
Sprague Electric Co. in a series of 142) 
standard ratings ranging from 3 to 50} 
volts, as well as in special multiple rat 
ings tailored to exact circuit needs whichil 


|) 
pacitors. The latter are expected to effect 


significant economies in the design of) 
small radio receivers and similar equip-: 
ment according to the company. Com- 
plete performance details are given in En-} 
gineering Bulletin No. 3060A. 

Circle 103 on Reader Service Card 


Float Zone Single Crystal Silicon 


Allegheny Electronic Chemicals Com- + 
pany is offering an improved kind of 
float zone single crystal silicon. “Con- 4 
trolled” Float Zone is available in crystal) 
diameters ranging from as small as 4”’ 
up to 34”, and is free from lineage and? 
gross defects which are commonly found 3 
in ordinary float zone crystal, according 
to the company. Dislocations may be had 3 
in low ranges of 5,000/cm?. Resistivity tol-- 
erances are held extremely close. Both 7 
(111) and (100) orientations are available. : 

Circle 109 on Reader Service Card 


Germanium Tunnel Diodes 


General Electric Company has an-- 
nounced four new microwave frequency * 
germanium tunnel diodes housed in a? 
new miniature package. Two operate at / 


frequencies up to 3500 mc and the other 
two at frequencies up to 4600 mc. Typi- 
cal inductance is 0.4 mzh. This parameter 
is held to a maximum of 0.5 muh. The 
devices have typical total capacities of 
7, 4, 14, and 7 picofarads, respectively. 
Typical peak point current ratings of the 

1N3218 and 1N3218A are 1.0 ma and of 

the 1N3219 and 1N3219A are 2.2 ma. This 

parameter rating is controlled to within 

plus or minus 10%. The new devices are 

also designed for application in radar, 

very high frequency amplifiers and oscil- 

lators and other “S” band equipment. 

They are available in production quanti- 

ties. 


Circle 101 on Reader Service Card 
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{ 
Semiconductor Compound 


' Gallium Arsenide in single and poly- 
crystal forms for use in tunnel diodes, 
varactor diodes, microwave diodes and 
transistors is now available from Alloys 
Unlimited Chemicals, Inc., in resistivity 
ranges of .0X to .000X Ohm-Cm for p-type 
devices and .X to .000X Ohm-Cm for 
n-type devices. It has a carrier concen- 
tration of 4 x 10 carriers/cm’ to 5 x 10” 
carriers/cm* and mobility up to and bet- 
iter than 4500 cm® volt-sec. The compound 
ean be supplied undoped or doped with 
either zinc, cadmium, manganese, tellu- 
‘rium or tin. 

Circle 110 on Reader Service Card 


Liquid Resin 


Isochem Resins has released a new liq- 
uid Novalac Resin for ultra high tempera- 
ture potting, casting, dipping and coating 
compounds, Isochemrez 460 series. This 
Resin is stable from —60° through +280°C 
and when used with Hardener #63, will 
not degrade under long high temperature 
operation. Available in various colors or 
filled and unfilled and can be modified 
to customer’s specifications. 

Circle 126 on Reader Service Card 


Power Supply for Plug-In Units 


New  electronically-regulated power 
supply, Type 132, provides an easily- 
portable housing for any Tektronix A- 


to Z Plug-In Unit, thus enabling the 
many plug-ins to be used with or with- 
out on oscilloscope in a wide variety of 
applications. Internal amplifier has a fre- 
quency response of d-c to 22 me, risetime 
of 15 nsec, noise level less than 0.5 mv, 
peak-to-peak (referred to internal am- 
plifier input). Front-panel terminals per- 
mit push-pull or single-ended + or — 
input. 
Circle 102 on Reader Service Card 


Crucible Pot Furnace 


A new electric crucible pot furnace 
with atmosphere retort and forced air 
cooling pit has been added to its line of 
equipment for production of semiconduc- 
tors, solid state and other electronic de- 
vices according to an announcement by 
Lindberg Engineering Company. Type 
RDPC-77 is rated at 2250°F (1232°C) maxi- 
mum chamber temperature. Chamber is 


7” diameter by 7” deep. Atmosphere re- 
tort with a clear working area of 4-14” 
diameter by 6-12” deep can be used to 
2150°F. 


Circle 105 on Reader Service Card 


Work Positioners 


Hunter Tools announces the availabil- 
ity of a complete line of work positioners 
for holding all sizes and shapes of small 
parts. By simply tightening the one con- 


trol knob on the side of the positioner, 
the head of the positioner can be turned 
to any desired angle and set firmly. Ny- 
lon jaws are available to protect delicate 
parts. Size of the work positioner illus- 
trated is 6%” high and 54%” wide. Jaws 
will open to receive up to a 2%” part. 
Circle 106 on Reader Service Card 


Silicon Diodes 


Three mil-qualified silicon diodes are 
available from Rheem Semiconductor 
Corporation. USN 1N483B, USN 1N485B 
and USN 1N486B have ultra-low leakage 
(typically 1uA @ 150°C) and high for- 
ward conductance (100mA minimum @ 
1V). The reverse voltages range up to 
250 volts. They are in standard glass, 
hermetically sealed DO-7 JEDEC outline 
packages. In addition to the mil-spec, 
these types may also be ordered per 
Mark X, master test specification for high 
reliability silicon diodes. 

Circle 125 on Reader Service Card 
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Bottle For Hydrofluorie Acid 


The J. T. Baker Chemical Co. announces 
a packaging advance with the introduc- 


tion of the new Adjusta-Flow 1 lb. con- 


tainer for ‘Baker Analyzed’ Reagent 
Hydrofluoric Acid. The user can actually 
dial the rate of flow from a single drop 
to a steady controlled stream, utilizing 
calibration marks on the bottle and clos- 
ure to obtain a precise rate of flow. This 
eliminates removing the cap or punctur- 
ing a diaphragm and contributes to 
greater laboratory safety. 
Circle 108 on Reader Service Card 


Silicon Mesa Transistors 


2N1131 and 2N1132 high-speed medium- 
power p-n-p transistors were announced 
by Texas Instruments Incorporated. The 
two double-diffused silicon mesa tran- 
sistors are specially designed and engi- 
neered to operate in both linear and non- 
linear complementary symmetrical circui- 
try with TI 2N696 and 2N697 n-p-n silicon 
transistors. Both are available in a welded 
TO-5 package providing two-watt dissi- 
pation at 25°C case temperature, BVoro = 
50 volts, BVcro — 35 volts and BVgro = 
5 volts. Iuzq is one microampere are 30 
volts at 25°C ambient temperature and 
100 microamperes at 150°C ambient tem- 
perature. 

Circle 133 on Reader Service Card 


Gain Test Set 


Dynatran Model 1828, 20 me Gain Test 
Set provides direct readings of the 20 mc 
grounded emitter current gain (h;,) ona 
large easy to read panel meter. The gain 


ranges are 0-3, 0-10 and 0-30. The instru- 
ment includes a built-in socket which 
accommodates both long and short lead 
transistors. Available with and without 
built-in regulated bias supplies for both 
n-p-n and p-n-p transistors. This instru- 
ment is particularly useful for testing 
mesa, drift and surface barrier transistors. 


Circle 115 on Reader Service Card 
(Continued on page 66) 
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Market News... 


Sales 


According to the Electronics Division, BDSA, of the U.S. De- 
partment of Commerce, the total shipments of semiconductor 
devices increased sharply during the fourth quarter of 1960, 
despite the continuing decline in average unit prices. Unit out- 
put of transistors increased over 30% although average unit prices 
declined over 11%. The following tables indicate estimated ship- 
ments and estimated unfilled orders as of the end of 1960. 


Table 1.—Estimated Shipments of Semiconductors during the 
Fourth Quarter of 1960.1 


uantity Value 
(in thousands of units) (in millions of dollars) 


Category Non- oe Non- 
Total Military military TotalMilitary Mil 
SEMICONDUCTOR 
DEVICES oe2 eccuists 98,078 25,457 72,621 144,101 65,576 78,525 
Diodes, rectifiers and 
related devices .... 58,544 18,631 39,913 61,196 28,668 32,528 
Germanium diodes 
and rectifiers .... 27,567 7,670 19,897 11,757 4,673 7,084 
O=30 ima ree iene 15,360 3,407 11,953 6,182 2,321 3,861 
31-100 ma ....... 9,313 3,024 6,289 4,000 1,816 2,184 
Over 100 ma .... 2,894 1,239 1,655 1,575 536 =1,039 
Silicon diodes 
and rectifiers .... 23,749 9,542 14,207 34,042 17,206 16,836 
0-30 ma ......... 45 3,240 2,305 8,565 5,686 2,879 
31-100 ma ....... 4,649 2,573 2,076 6,357 4,053 2,304 
101-550 ma ..... 6,6 1,817 4,818 7,771 3,329 4,442 
551 ma-3 amps 5,115 1,627 3,488 9,067 2,229 3,338 
Over 3 amps— 
30. amps ies. scr. « 1,680 248 1,432 BY ty fie abalye Aye) 
Over 35 amps .. 125 37 88 1,915 747 ~=1,168 
Zener diodes ...... 2,007 928 1,079 8,102 3,752 4,350 
Microwave diodes 314 314 3 1,454 1,454 3 
Infra-red and other 
semiconductor photo 
cells, except solar 
Cellsiiaieesnteene 145 12 133 864 430 434 
Others. aero 4,762 165 4,597 4,977 1,153 3,824 
Mransistorsi ieee ce 39,534 6,826 32,70 82,905 36,908 45,997 
Germanium ...... - 36,618 4,597 32,021 54,871 15,689 39,182 
0-125 mw ....... 11,355 1,910 9,445 14451 5,047 9,404 
126-999 mw ..... 21,232 2,207 19,025 31,010 7,950 23,060 
1 watt and over 4,031 480 3,551 9,410 2,692 6,718 
Silicone. ane 2,916 2,229 687 28,034 21,219 6,815 


Factory sales of transistors in February gained by more than 
1 million units and $2.7 million over totals for January, according 


to statistics released by the Marketing Data Department of the 
Electronic Industries Association. 


Factory Sales (Units) Factory Sales (Dollars) 
February 13,270,428 $25,699,625 
January 12,183,931 22,955,167 
Jan.-Feb. 1961 25,454,359 48,654,792 
Jan.-Feb. 1960 19,134,292 49,546,150 


Standard Rectifier Corporation, Santa Ana, Calif., has an- 
nounced the appointment of two additional sales representatives. 
They are: Alex Corbett, Jr., St. Petersburg, Fla., who will serv- 
ice that state and surrounding territory; and Engineering Serv- 
ices Co., St. Louis, Mo., who will cover Cedar Rapids, Iowa 
Kansas City, Mo., Wichita, Kans., and Southern Ylinois. : 


Electronic Metals and Alloys Inc., Watertown, Mass., has an- 
nounced the appointment of the Dage Corp., New York, N.Y. 
as technical sales representatives for their complete line of 
metals, alloys and analytical services for the electronic industry. 


Dage Corp. will provide complete sales service in Europe, Japan, 
and Australia. 
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Table 2—Semiconductors: Manufacturers’ Unfilled Orders 
as of December 31, 1960? 


Category 
DUCTOR 3) 
SEM GVICES Seon 116,267 32,739 83,528 152,933 62,460 90,47: 
i ; tifier: : 
sey Pelated devices 67,932 23,829 44,103 57,121 24,461 32,66) 
Germanium diodes 
i 44,186 15,679 28,507 15,153 6,904 8,24) 
ans Sa lepede Soe 862 6,547 23,315 8,982 2,529 6,45: 
31-100 ma ....... 11,995 7,915 4,080 5,074 3,901 1,17: 
Over 100 ma 2329 D207 Tia 1,097 474 ‘ 
ili diodes * 

SP eenaens sees 19,917 7,179 12,738 29,998 12)531 17,46) 
O-SONMA cess’ 3,776 1,938 1,838 3,977 2,490 1,48' 
Sl=1OOM Male ent 3,7 2,481 1,226 6,328 4,216 2,11. 
101-550 ma ...... 7,197 1,582 5,615 9,612 2,845 6,76" 
551 ma—3 amps . 2,477 941 1,536 3,200 1,426 1,77-) 
Oo 3 amps— 

35 ano ere ss 2,646 201 2,445 5,371 891 4,486 
Over 35 amps ... 114 36 78 1,510 663 7 

Zener diodes ....... 1,628 736 892 7,000 3,043 3,95°% 

Microwave diodes 125 125 3 761 761 

Infra-red and other 
Berecone ues hoto 

i ept solar 
eels sigs alcistsle’s 122 16 106 909 422 i 
Others’ ariecsiccles. os 1,954 94 1,860 3,300 800 = 2,50¢) 
"TEANSISCONS) Mecreielse coer 48,335 8,910 39,425 95,812 37,999 57,814 

Germanium ....... 46,240 7,284 38,956 71,921 19,696 52,22! 
OqV25 MWe acts es 8,082 3,953 4,129 16,827 9,731 7,098 
126-999 mw ...... 34,411 2,528 31,883 45,124 7,135 37,98% 
1 watt and over . 3,747 803 2,944 9,970 2,830 7,14) 

Siliconsecnnm ce ss 095 1,626 469 23,891 18,303 5,583 


1Estimated total industry shipments including intra-plant and inter-j 
plant transfers. 

*Estimated total industry unfilled orders. : ' ae 

%’Nonmilitary orders for microwave diodes are combined with military 
orders to avoid disclosure of proprietary information. a 

4Includes diodes and rectifiers made from materials other than silicor# 
and germanium, tunnel diodes, controlled rectifiers, solar cells, anc: 
other special semiconductor devices which must be combined t« 
avoid disclosure of proprietary information. 

Source: The quarterly Joint Survey of Production Capabilities fox 
Electronic Parts conducted by the Electronics Production Resources 
Ay Ape of the Department of Defense, and the Electronics Division: 


Diotran Pacific, of Palo Alto, California, manufacturers ot 
semiconductor production equipment, has announced the ap- 
pointment of five representative organizations for field sales: 
They are: Heim and Scheer, Hollywood, California, who wil! 
handle Southern California and Arizona; McKnight Company: 
Menlo Park, California, to serve the Northern California region: 
Walter LaChicotte, New York, to handle all export sales to Eu- 
rope and Japan; Fred Sylvester, Springfield, New Jersey, to 
serve New York, New Jersey and Pennsylvania, and T. Ken- 
nedy, Wakefield, Mass., to represent the New England area. 


The Japanese Government’s Foreign Capital Council has for- 
mally approved the agreement between Yaow Electric Co., Ltd. 
and Western Electric Co., which will permit the Japanese firm 
to receive technical licenses from Western Electric for the manu- 
facture of transistors and diodes. | 

| 

The Japanese Government has removed foreign currency re- 
strictions on imports of about 20 industrial and consumer elec- 
tronic, items. Among these are germanium transistors, 30 cycles 
or less and 10 watts or less. 


A tangible market has been opened to semiconductor manu- 
facturers by the introduction of silicon rectifiers in the propul- 
sion equipment of the Pennsylvania R.R. and the New Haver 
R.R. The new equipment for the Pennsylvania was furnishec 
by Westinghouse Electric Corp., while the General Electric Co 
furnished the equipment for the New Haven. / 
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Sylvania has added two new silicon epitaxial mesa transistors 
9 their epitaxial line. Types 2N1958 and 2N1959 have a total 
witching time of 105 nanoseconds, are priced at $19.50 and $21 
ach respectively in quantities from 1-99. In lots between 100 
nd 999 they are priced at $13 and $14. The firm has also an- 
iounced prices on a miniature tunnel diode which oscillates at 
quencies of 10 kme and above. The unit D-4168-D is priced 
t $400 in lots of 1 to 9. An 8 kmc unit is also being sampled 
4 $300 in the same quantities. 


The Lansdale Division of Philco is offering production quanti- 
ies of germanium backward diodes for the first time. Packaged 
the T0-18 case the T1977 devices are available at $4.00 each. 
the development of the backward diode is most significant to 
el diode circuitry in that the new device can operate at low 
rward voltage levels while providing unidirectional flow of 
‘ormation within a system. 


Texas Instruments, Inc., has authorized its distributors to 
any quantity of nine types of silicon industrial-type tran- 
rs. These are T1480 through T1484 and T1492 through T1495. 
lots between 100 and 999 prices are: 480, $2.05; 481, $2.30; 
» $2.95; 483, $3.25; 484, $3.70; 492, $1.80; 493, $1.95; 494, $2.10 
d 495, $2.30. 


Hoffman Electronic Corp.’s Semiconductor division has lowered 
orices 10 to 40% on its silicon diode and its backward (Uni- 
Tunnel) diode lines. Prices of the 1N2929-33 have been reduced 
to $11.10 each. Backward diodes Hu-5, Hu-10, Hu-25, Hu-50, 
Au-75, Hu-100 are now $7.50 each. The A types Hu-5A through 
Hu-100A are now $9 each. The firm has also announced produc- 
tion of a new series of glass, temperature-compensated, silicon, 
Zener-reference diodes. These subminiature 500-milliwatt units 
are designated 1N935 through 1N939. Prices have not yet been 
established. 


Hughes Semiconductor division is marketing four new n-p-n 
Silicon mesa switching transistors and four new p-n-p silicon 
mesa transistors. These are priced as follows: 


' n-p-n 1-99 100-999 p-n-p 1-99 100-999 
 2N706 $12.65 $ 9.50 2N1631 $19.35 $14.50 
_ 2N707 21.25 16.00 2N1131A 25.60 19.20 
_ 2N708 N.A. N.A. 2N1132 21.00 15.75 

2N753 16.45 12.35 2N1132A 49.25 37.00 


General Electric Co. has available four new microwave fre- 
quency germanium tunnel diodes housed in a new miniature 
package. Types 1N3218, 1N3218A, 1N3219 and 1N3219A are avail- 
able in production quantities from $20-$30 each. 


Canadian General Electric Co., Ltd., Toronto, is offering eight 
silicon mesa transistors designed for medium power audio to 
medium frequency applications. Types 2N497, 2N497A, 2N498, 
2N498A, 2N656, 2N656A, 2N657, 2N657A are priced from $21.32 
to $21.58 each to OEMS. 


Micro State Electronics Inc., Murray Hill N.J., has announced 
prices on its line of germanium tunnel diodes in quantities up 
to 24 units. They are priced each as follows: MS222, $30; MS223, 
$45; MS224, $95 and MS242, $25. They also are marketing varactor 
diodes, diffused junction mesa units. These are priced each in 
similar quantities as follows: MS262, $125; MS263, $175; MS264, 
$225; MS265, $320; and MS266, $425. 


R.C.A., Somerville, N.J. has introduced a commercial diffused 
12 ampere stud-mounted, diffused junction, silicon rectifiers. In 
quantities of 1000 units these are priced each as follows: 1N1199A, 
$2.40; 1N1200A, $2.85; 1N1202A, $4.05; 1N1203A, $5.25; 1N1204A, 
$6.35; 1N1205A, $8.90, and 1N1206A, $10.60. 


Suppliers 


Norton Co., Worcester, Mass., is offering a new machine for 
slicing and lapping semiconductor materials. 


Allegheny Electronic Chemicals Co., Bradford, Pa., is pro- 
ducing single crystal silicon by a new “controlled” float zone 
method. This material is available in diameters from % to %4 
inch as well as in dice form. In resistivities of less than 50 
ohm-cm., it is priced at $1.73 a gram. 


Merck and Co., Inc., Rahway, N.J., has named Shin-Etsu 
Chemical Industry Co., Ltd., sales agent in Japan for their 
Silicon single crystals Approximately 700 kilograms of these 
crystals were imported last year from the United States. Shin- 
Etsu is planning to expand its silicon purifying facilities to pro- 
duce about three tons of single crystals per year. 
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Semi-Elements, Inc., Saxonburg, Pa., has begun producing 
gadolinium selenide, which is a promising thermoelectric mate- 
rial with a potentially high Z factor. Undoped material as well 
as n-type and p-type material, is available in research quanti- 
ties of 100 grams, priced at $5.50 a gram. 


Kulicke and Soffa Manufacturing Co., Philadelphia, Pa., ex- 
clusive marketing representative for Electroforming Consultants, 
Inc., has announced the availability of masks for laying down 
geometries for high frequency semiconductors within three work- 
ing days—on special order but at no extra cost. 


Fanon Transistor Corp., Newark, N.J., plans to issue the fol- 
lowing silicon mesa power transistors: 2N1724, 2N1616, 2N1617, 
2N1618, 2N389, 2N424, 2N389A, 2N424A, 2N1722, 2N1210, 2N1211, 
2N1620 and the 2N1487 family. Price schedules have not been 
announced as yet. 


Distributors 


Yonkers Electric Supply Inc., Yonkers, N.Y., has been named 
industrial distributor for Sarkes Tarzian Inc.’s line of silicon 
rectifiers, Zener diodes and voltage regulators. 


Fairchild Semiconductor Corp., has appointed the G.S. Mar- 
shall Co., San Marino, Cal. as their distributor for the greater 
Los Angeles area. This brings the total number of Fairchild 
distributors to seventeen. 


Dickson Electronics Corporation, Scottsdale, Arizona, has ap- 
pointed three new industrial distributors. They are: D and H 
Distributing Company, Inc., Baltimore 30, Maryland; Pace Elec- 
tronic Supplies, Inc., Chicago 48, Illinois; and Wesco Electronics, 
Pasadena, California. Also named are the following manufac- 
turers representatives: M. L. Spitzer Company, Rochester, New 
York—serving upper New York state; and Robert R. Thomas 
Company, Dallas, Texas. The latter will cover Texas, Okla- 
homa, Arkansas and Louisiana. 


The Birtcher Corporation’s Industrial Division has announced 
the appointment of R. P. Luce and Company of Summit, 
New Jersey, and Adelta Co., of Dallas, Texas as distribu- 
tors for its line of tube, transistor and component retention 
and cooling devices. Luce will act as distributor in the State 
of New Jersey and Southern New York state. Adelta will act 
as distributor throughout the state of Texas. 


Financial 


General Electric Co. has reported sales of $992,622,000 for 
the first quarter ending March 31, 1961, a gain of 3.7% over 
the $957,433,000 for the same period in 1960. Net income was 
$42,476,000 equal to 48¢ a common share against $52,514,000 or 60¢ 
a share for the first quarter in 1960. 


Alloys Unlimited, Inc., producers of materials and sub-assem- 
blies for semiconductor manufacturers, in a first financial re- 
port, announced that its net sales for the six month period 
ending February 28, 1961 amount to $1,329,225.59. Profits after 
taxes were $81,868.49, or fourteen cents a share on 593,003 shares. 
In the year ending August 31, 1960, Alloys Unlimited and its 
subsidiary, Alloys Unlimited Chemicals, Inc., had net sales of 
$1,467,639; net earnings were $143,766. 


Texas Instruments has reported sales of $58,977,000 for the 
first quarter of 1961 which is a 5% increase over the $56,198,000 
for the same period in 1960. Earnings, however, were $3,773,000 
down 4% from $3,930,000 last year. 


Alloys Unlimited, Inc., now operates Electronics Glass & Ce- 
ramic Corp., Cambridge, Mass., and has also recently acquired 
Veritron West, a glass-to-metal seal manufacturer in North 
Hollywood, Cal. Both firms are wholly owned subsidiaries. The 
firm has also reported net sales in 1960 of $1,467,639 or 33¢ 
a share. 


Trans-Sil Corp., Englewood, N.J. has become a wholly-owned 
subsidiary of Raytheon Co. The firm will continue to market 
its existing line of modular silicon rectifiers. 


Nuclear Corp. of America, New York has purchased USS. 
Semiconductor Products, Inc., Phoenix, Ariz. for about $4 million. 


C. P. Clare Transistor Corp., Glen Head, L.I., N.Y., a sub- 
sidiary of Universal Controls, Inc. may transfer its operations 
to Europe or Israel. The firm, which manufactured germanium 
transistors closed its doors in March. 


(Continued on next page) 
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“Indalloy” Intermediate Solders, manufactured exclusively 


by the Indium Corporation and used extensively in printed 


circuit work, are noted for their wettability (with metallic 


AND non-metallic surfaces), their corrosion resistance, and 


their help when special temperatures are important. 


Indium solders assist flowability and workability. Adhering 
readily to many varied surfaces, these solders can be tailor- 


made for special application. Perhaps you have a need for 


Indium in solder, spheres, pellet, powder, wire, ribbon or 


metal forms. Write our research department today... we're 


glad to help! 


INDALLOY SOLDERS 
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adhere to: 
© 26 metals, alloys 


@ 21 thin metal 
films 


® 18 non-metals 


FREE SOLDER BOOKLET... 


Write Dept. S-6 for new 
Indium bulletin: “INDALLOY” 
Intermediate Solders. 


THE 


CORPORATION OF AMERICA 
1676 LINCOLN AVENUE 


TADTGN 


ORDER 
YOUR 
COPY OF 


“INDIUM” 


Published privately, this valu- 
able reference book is a “must” 
in research. 


® 770 pages 

® 91 drawings, diagrams, 
photographs 

© Annotated bibliography 


$10.00 per copy 


* UTICA, NEW YORK 


Since 1934 .. . Pioneers in the Development and Applications 
of Indium for Industry. 
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Hoffman Electronics Corporation has reported that its 
three months’ sales in 1961 were $16,098,315, the highest in ay 
quarter year in the Company’s history, and resulted in a pra 
after taxes of $256,668, representing $.16 a share. The reco 
sales volume for the first quarter compares with $10,215,897 | 
the same period in 1960 and the profit after taxes of $256,6 
compares with $2,530 for the first 1960 quarter. 


Merck & Co., Inc. had consolidated net sales for the first 
months of 1961 or $54,977,000, compared with $55,759,000 for t. 
first three months of 1960. Net income after taxes was $6,160,C) 
for the 1961 quarter, equal to 57 cents per share of comm 
stock outstanding, a decline of 17 per cent from the $7,425,C 
or 69 cents per share earned in the first quarter of 1960. 


Rheem Semiconductor Corporation, Mountain View, Califa: 
ported its highest sales month in March of this year. TY 
continues a trend of markedly increased sales each quariti 
since operations started in the third quarter of 1959. The pare’ 
company has announced that their over-all results improv 
in March, but they sustained a loss for the first quarter | 
1961. Net loss for the quarter ended March 31 was $244,749, 
a loss of 13 cents a common share after providing for preferr: 
dividends. 


Loral Electronics Corporation, New York, has announced th 
agreements have been executed under which it will acquil 
Accurate Specialties Company, Inc., Hackensack, N.J. The trary: 
action will be consummated on the basis of an exchange 
stock at the ratio of one share of Loral for each two and onr 
half shares of Accurate. A total of approximately 150,000 shar; 
of Loral will be involved in the transaction. 


Youngwood Electronic Metals, Inc., Youngwood, Pa., has fil) 
a registration statement with the Securities and Exchange Con} 
mission seeking registration of 75,000 shares of common stoci 
to be offered for public sale at $4 a share. The firm is engage 
in the design, development and manufacture of precision pa . 
or stampings, principally used in the semi-conductor indust 


The board of directors of Temperature Engineering Corpora} 
tion, Riverton, N.J., has approved an agreement to purchas) 
the Jacksonville Metal & Plastics Co., Jacksonville, Fla. | 


Expansion 


Fairchild Semiconductor Corp., has started construction © 
a 40,000 square foot addition to their main plant in Mounta: 
View, Calif. A half-million dollars will be expended on thi 
new addition; which will increase the main plant’s area “| 
108,000 square feet. 


Merck & Co., Inc., has recently authorized a major capi 
expenditure for construction of a full-scale plant for produa 
tion of epitaxial silicon wafers. In addition, a pilot plant fe 
experimental production of epitaxial germanium wafers is i 
operation. The silicon unit is being constructed at Danvill® 
Pa., site of Merck’s single crystal silicon plant. This is ti 


Diotran Pacific, of Palo Alto, California, manufacturer « 
semiconductor production equipment, announces the purchasi 
of a building site in Palo Alto where their new quarter-millic# 
dollar plant, laboratory and office facilities will be constructes 
The proposed two story structure, with 20,000 square feet « 
planned working space, is scheduled for completion late in tk 
year. 


Mitronics, Inc., Hillside, N.J., will move into its new builc! 
ing of approximately 30,000 square feet, in July. The new build 
ing is located on Floral Avenue in Murray Hill, New Jerse» 
Mitronics, Inc., specializes in the manufacture of metallizes 
ceramic sub-components, ceramic to metal seals and assemblies 


New Firms 


Mitsubishi Electric Manufacturing Co., Ltd., Tokyo will es; 
tablish a joint firm with Thompson Ramo Wooldridge, Inc» 
Los Angeles to manufacture silicon semiconductor component 
and automatic factory control equipment with technical aii 
from Pacific Semiconductor Inc., a subsidiary of TRW. Thr 
new firm will be named Mitsubishi-TRW Co., Ltd. 


in research and development of such solid state devices as tra 
sistors as well as vacuum devices. Present capital is $270,00 


Micronics, Inc., has been established in Minneapolis to tan 


é Electron division of Controls Co. of America plans to marke 
its first transistor line later this year. The firm has now it 
development or in pilot production, a logarithmic forward con} 
ductance diode, diffused-type Zener diodes, a four-layer, o} 
switching diode. 
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FOR STAMPINGS 
CALL J&H 


Semi-conductor precision metal 
stampings and deep-drawn parts. Made to 
close tolerance at low cost. Fast service. Write 
or phone for prices and free copy of Bulletin 82. 


An affiliate of 

Miperior Tube Co. JOHNSON &€ HOFFMAN 
MALIN U-FACGC TURIN G CAO RF OLR A ae Osun 
31East 2nd Street *> Mineola, New Yorks Pioneer 2-3333 
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Cable: DELTA 


v %§ 


CHARCO 


- DRY BOX 


GLOVES 


PREMIUM QUALITY 
MILLED NEOPRENE 


FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE 
EACH DRY BOX GLOVE IS HIGH VOLTAGE TESTED 


NEO. Sou ° 


NEOPRENE, THESE GLOVES ARE 
OIL, CHEMICAL AND OZONE RE- 
SISTANT. THEY CONFORM TO 
REQUIREMENTS OF ARGONNE 


CATIONS PF-1-b-(Rev, 6). 


Our Research and Testing Laboratories Welcome 
The Opportunity To Help Solve Your Problems. 


* RAD aR 


PREMIUM QUALITY, ALL MILLED SEAMLESS, LEAD-LOADED, MILLED 
NEOPRENE ARE OF A DENSITY OF 
3.95 GRAMS PER CUBIC CENTI- 
METER. UNDER ACTUAL TESTS 
THESE GLOVES HAVE BEEN 
NATIONAL LABORATORY SPECIFI- PROVEN TO SHIELD OUT SOFT 
GAMMA RAYS MORE THAN 85%. 


CHARCO 


WRITE FOR 
BROCHURE AND 
TECHNICAL DATA 


CHARLESTON RUBBER COMPANY 
53 STARK INDUSTRIAL PARK — CHARLESTON, SOUTH CAROLINA 
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SEMICONDUCTOR SCIENTISTS 


$15,000 to $30,000 


PHYSICAL METALLURGIST, MICROELECTRONICS 
$16,000 

Ph.D. with basic materials research in mechanical 
properties of crystalline and non-crystalline solids, 
including single and polyerystalline ceramics, refrac- 
tory metals and plastics, oxidation mechanisms in 
metals, and alloys for high temperature thermo- 
couple purposes. 


SOLID-STATE PHYSICIST, MICROELECTRONICS 
—$16,000 

Ph.D. with basie study of circuit functions and how 
they can be achieved using solid-state techniques. 


A PIONEER 


Semiconductor Manufacturing firm has recently reorganized their 
effort to enhance their position as one of the leaders 
a new facility in a beautiful and desirable area on the seashore, 
tion facilities available. The following list is represent, 
all positions available. Since this is am accelerated exp 


TECHNICAL DIRECTOR 

Ph.D., Physics, E.B., or Physical Chemistry, with 
previous background in management R&D facility. 
Should be capable of attracting additional well 
qualified research scientists. Salary open, but will 
be in the $18,000-$30,000 range. 


SR. DEVELOPMENT ENGINEER 

Ph.D., Physics, or E.E. (M.S. with strong develop- 
ment beckground will be considered). To work in 
development of silicon mesa or planar devices. 
$14-$18,000. 


SR. SCIENTIST, Applied Research 

Ph.D., with three or more years experience in R&D, 
for a semiconductor research group on diffused de- 
vices. Must be capable of leading group of scientists 
and directing their efforts. $16-$20,000. 


SCORES MORE 


All expenses paid by employers. Completely confidential—no referrals without your 


If you are interested in knowing more about these 
through our services, but don’t have a prepared 
the back of your business card and mail it to: 


COMPUTER SCIENTIST, MICROELECTRONICS— 
$16,000 


Ph.D, to work on application of magnetic elements 
to digital computer circuits, applying elements to logic 
circuits, and random access storage. Current researc 
emphasis is in the fields of plated magnetic materials 
and magnetic thin films. Scientific background re- 
quired rather than the application. 


CERAMIST, MICROELECTRONICS—$16,000 
Ph.D. with basic research in ferrites, oxide semi- 
conductors thermoelectrics, or piezoelectrics. 


SR. DEVELOPMENT ENGINEER 

Ph.D., Physical Chemistry, Physics or E.E., to 
work on development processes, silicon epitaxial 
devices. $14,000-$18,000, 


MATERIALS MANAGER 

Ph.D. or M.S. in Metallurgy, Physical Chemistry, 
or Physics, to head up materials section. Should 
have several years experience in crystal growing, 
and supervisory experience. $15,000. 


PRODUCTION ENGINEERS 

Require several men with four or more years ex- 
perience in production envineerivg. ond in pre - 
esses, diffusion, etching, photo-chemistry. M.S. de- 
gree, and capable of assisting management functions 
a eae young, inexperienced engineers. To 
plo,Ouv. 


permission. 


and many other Semiconductor Executive positions available 
resume, simply jot your home address and phone number on 


Glenn J. McKorkle—Semiconductor Division 


DAVIES-SHEA, INC. 
ELECTRONICS PERSONNEL CONSULTANTS 
332 S. Michigan Ave., Chicago 4, II. WEbster 9-3833 
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SERVING THE ELECTRONICS INDUSTRY EXCLUSIVELY—WITH INTEGRITY 


entire staff and are making a concentrated 
in the semiconductor industry. They have recently built 
with year-around swimming and outdoor recrea- 
ative of the openings now existing, but does not include 
ansion move, opportunities for advancement are excellent, 


New Products 
(from page 61) 


Temperature-Humidity Chamber 


Hudson Bay Co., environmental divisior ; 
of Labline, Inc., announces the addition 
of a 4-cubic foot upright chamber to itst 
present line of temperature-humidity tests 
cabinets. This high-performance unit ha 3 
a temperature range of 0° to 200° F with! 
a control tolerance of +2° F and a hu- 
midity range of 20% to 95% RH within? 
+5%. The “Environ-Cab” has wide usages 
for environmental testing of chemicals. 
electronic components, paints, plastics.’ 
packaging, protective coatings, etc., andi 
for JAN & MIL specifications. 
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Transistor Test Set 


Owen 210-A Transistor Test Set is ani 
a-c operated, portable device for meas- 
uring the h-parameters and leakage cur— 
rents of small transistors and diodes.: 
D-C currents to 7 ma and potentials toy 
70 volts are available. An internal oscil-- 
lator and a-c millivolt meter provide: 
dynamic tests at a frequency of 1500 cy-- 
cles. With the addition of a variable-- 
frequency laboratory oscillator and a-c: 
voltmeter, alpha cutoff, beta cutoff, col-- 
lector capacitance, and other high fre- 
quency measurements can be made. 
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Transistor Breadboard Socket 


Pomona Electronics Co., Inc., has intro- 
duced a new Surface Mounted Transistor 
Breadboard Socket designed for use with 
JEDEC 30 type transistors. Model XS-T4 
features: closed entry socket contacts, 
silver plated beryllium copper contacts, 
accessible contact tabs, contacts clearly 
identified, low loss micafilled phenolic 
casting, per MIL-M-14, type MFE. 
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‘Improved Laboratory Bottle 


The Nalge Co., Inc. announces a 
flexible polyethylene wash bottle 


new 
spe- 


cially designed and fabricated for labora- 
tory work of all kinds. The bottles have 
a new molded leakproof connection for 
the tubing located in the shoulder instead 


' of the cap. At the same time, the bore 


; 
j 
, 
| 
| 


of the tubing has been enlarged so that 
more liquid can be delivered, if desired; 
and the bodies have been made of a more 
flexible resin to make manipulation in 


the laboratory easier. 
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Hardboard Dicing Blocks 


Great savings on materials, mainte- 
nance and tool costs on just one opera- 
tion, through the use of hardboard for 
dicing blocks, have been claimed by a 
manufacturer of transistors. Where they 
formerly were using 2” squares of %” 
thick ceramic for dicing blocks, the com- 
pany now is using 4” Masonite Tem- 
pered Duolux sanded to .230 plus or mi- 
nus .005 and a plus or minus 1/64” tol- 
erance in cutting and squareness. These 
finished blocks also are 2” square and 
are supplied by Masonite Fabricators. 
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Rapid Temperature Cycling 


The development of a new temperature 
chamber, Model 1060F, has been an- 
nounced by Delta Design, Inc. This port- 
able table top model is designed for the 
user who wants the ultimate in control 
accuracy and minimum thermal gradient 
across his test specimen without waiting. 
The unit is capable of completing a cycle 
between —100°F and +500°F in less than 
12 minutes. Control accuracy is +14°F. 
Test volume is 10” x 7” x 7”. It can be 
cycled at shocking rates between preset 
temperatures by use of the Delta MR-1 
Timer. At —65°F consumption of liquid 
CO? is less than 3% lbs per hour. The 
unit weighs only 40 pounds which allows 
it to be carried to the point of test. 
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high speed automatic dice gaging and 
Sorting for the semi-conductor industry 


B0% SAVINGS | 
IN LABOR 
«COSTS! 


~ AUTO-SORTER 


Let a Techni-Rite sales engineer 
show you how to reduce your 
dice/wafer sorting costs by elim- 
inating completely up to 4 out 
of 5 inspection and sorting 
personnel. 


The new TSK Auto-Sorter is a 
dependable, high-speed produc- 
tion unit which automatically 
gages and sorts germanium or 
| silicon dice into various cate- 
gories . . . faster, and with far 
| greater accuracy, than human 

hands. One transistor manufac- 

turer reduced his work force 

from 30 to 6 virtually overnight! 


Nearly 200 TSK Auto-Sorters are 
now in constant service. Factory- 

trained installation and service 
| experts and a complete 
inventory of replacement parts 
| .. . are on hand at all times. 


n 
o.nont® 
uo 


$0 at 
st OM ap 


Phone, Wire or Write 
for Illustrated Folder 


é 


CQ = ECTRONICS 
INCORPORATED 


67 Centerville Road «+ Warwick, Rhode Island «+ 
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Custom Melting, Complete Redrawing, 
Strand and Vacuum Annealing Services 
for fine wire processing to customers’ 


specifications. 


@ Semiconductors 


@ Resistors 

® Potentiometers 
® Thermocouples 
@ Electronic Tubes 


@ Other Electronic 
Applications 


WRITE for valuable 
brochure contain- iN 
ing fine wire com- 


positions, perti- 
nent properties 
and applications. 


precious, base, exotic 

and special metals. 
— bare or 
insulated 


CONSOLIDATED REACTIVE METALS, inc. 
115 Hoyt Avenue — Mamaroneck, N.Y. —OWens 8-2300 
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WE 
MAKE 
ALL 


KINDS 
OF 


BOXES 


(Specializing in 
Stainless Stee/) 


*E Here's the real “inside dope” and 
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we're not referring to the happy 
young fellow portrayed above. 
(He’s not even a member of our 
organization) 

We are a division of Kewaunee 
Manufacturing Co., specializing in 
engineering and production of 
highly technical equipment and 
apparatus for research and _ in- 


For complete information, 
call or write 


dustry. Our experience and facil- 
ities qualify us to custom design 
and manufacture, or assemble 
from. stock, any of the following 
types of enclosures: glove, vacuum 
and dry boxes; dust free enclo- 
sures; and controlled atmosphere 
systems. 

That’s why we readily say, “We 
make all kinds of boxes.” 


Ke Se 


4019 Logan Street 


KEWAUNEE 
SCIENTIFIC 


EQUIPMENT 
ADRIAN, 
MICHIGAN 
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Airbrasive Tool 


Deburring with abrasive particles 
pelled by gas at high speeds is pos 
with equipment known as the Industra 
Airbrasive Unit, manufactured by § 
White Industrial Division. Airbrasive ;| 
an industrial tool for cutting or abrad 
ing hard, brittle materials: for examps 
cutting silicon and germanium; a 
shapes out of a tungsten sheet 0.00 i 
thick, ete. 
Circle 142 on Reader Service Card 
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The completely adjustable Peeco Adi 
tuated Flow Switch offers a simple low 
cost means of providing remote indica 
tion of pre-set rates of flow of liquid 
and gases. Starts and stops pumps, valve* 
alarms and signals; efficiently assure 
controlled blending, mixing, filling ar: 
emptying. They are particularly valuab< 
in Automatic Pump Flow Control, Wate 
Cooling, Process Blending and Bul 
Loading Control. Once the setting is at 
justed to flow requirements, (can fF 
actuated as low as .25 g.p.m. in quarter 
inch line) it will infallibly repeat itse: 
under like conditions. Can be instaled 
on either side of the centrifugal pump 
there is no pipe too large or too small, aa 
cording to the company. 
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Flow Actuated Electrical Sw-tch 


: 
: 
: 


Induction Generator 


A 40 mc induction generator capable o 
continuous operation at 3 KW output i: 
commercially available from Inductior 
Heating Corporation. Depth of penetra- 
tion at 40 mc is .0005” compared. to .0017’ 
at 4 me and .0055” at 400 ke. One of the 
applications of gas ionization produced b3 
frequencies in this range is the plasm: 
torch. Intense heat is developed in : 
rapidly moving column of ionized gas 
which can be directed in the same man- 
ner as a torch. High resistance materials 
such as semiconductors, readily can be 
heated. 
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} 
yore Driver Diode 
; 


A new high conductance core driver 
“aminar* diode was announced by Pa- 
sific Semiconductors, Inc. PS9013 has a 
eapacitance of only 7 pf at 9 V reverse; 
forward current at 0.9V, greater than 
500 mA; saturation voltage, greater than 
od at 25°C; I-60 at 25°C, less than .20A; 
everse recovery less than  .2usec. 
(Switching 500mA forward to —30V re- 
verse recovery to 10K Ohms.) *Laminar 
is the trademark of multi-layered silicon 
jiodes and transistors manufactured by 
SI. 
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Circuit Breaker 


A high-speed milliampere circuit 
breaker, based on a new physical con- 
cept, is now being produced by Orbitec 
Corporation for protecting transistor cir- 
euits against sudden or transient over- 
loads. Model 150 is a small, compact unit 
that is interposed between a power sup- 
ply or signal source and the transistor 
circuitry that is to be protected. The 
‘cost of each unit allows a number to be 
used in parallel arrangements off a com- 
mon power supply to protect various cir- 
cuits in an instrument or system. Tran- 
sistors and other common semiconductor 
components generally require an over- 
load of at least forty-microsecond dura- 
tion before they are damaged or 
destroyed. The Circuit Breaker responds 
to one-microsecond transients, opening 
the load within ten microseconds accord- 
Ing to the company. 
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Micrologic Circuits 


MicroSemiconductor Corporation an- 
nounces the availability of silicon micro- 
logic circuits. Basic size for 4, 6, or 8 


silicon diode configuration is .030 thick 
x 125 wide x .250 long. Leads are gold 
plated and ideally suited for welding and 
soldering techniques. Individual diode 
electrical parameters are available in 
excess of 2 nanoseconds recovery and 2 
picofarads capacitance. Circuit designers 
and packaging engineers can microminia- 
turize with a usable form factor, allevi- 
ating much of the _ interconnection 
problem. Reliability is increased as the 
size is reduced. 
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(Continued on next page) 


(3) CERAMICS 


(2) FERRITES 


(4) ALUMINUM OXIDE 


ULTRASONIC MACHINING: 1. dicing silicon wafers; 2. cutting ferrite cores; 3. cutting 
holes and slots in ceramic tube spacers; 4. drilling holes in aluminum oxides. 


Low-cost, high-speed 


PRECISION MACHINING 


of hard or brittle materials with 


ULTRASONICS 


The delicate cutting operations shown above were all performed with 
Impact Grinders—Raytheon’s ultrasonic machines that drill, slice, 
engrave, trepan or shape hard and brittle materials. 


Design, materials and production engineers who have tried this remark- 
able technique agree that it is the optimum method for machining such 
materials as silicon, germanium, ferrites, ceramics, carbides and glass. 


In impact grinding the tool is made to vibrate ultrasonically as abrasives 
are introduced between tool and workpiece. 


Find out how one of these cost-saving, high-production-rate units can 


solve your machining problem. 


SEND FOR BROCHURE No. 
2-300 today. Address Ray- 
theon Company, Production 
Equipment Operations, Com- 
mercial Apparatus & Sys- 
tems Division, Technical In- 
formation Service, Waltham 
54, Massachusetts. 


RAYTHEON COMPANY 


COMMERCIAL APPARATUS & SYSTEMS DIVISION 


MODEL 2-332 Raytheon Impact Grinder 
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with 
SECON 


SEMICONDUCTOR 


Line 


precision 
engineered 

to the special 
requirements of 
the semiconductor 
industry 


increases 
ie viele 


SECON SEMICONDUCTOR 
WIRE IS TOPS IN THESE 
VITAL AREAS... 


= purity 

a» homogeneity 
a reliability 

w repeatability 


For more information, or for a solu- 
tion to your specific wire problems, 
write today to SECON Metats Corpo- 
RATION, Seven Intervale Street, White 
Plains, N.Y. (WHite Plains 9-4757). 


SECON 


= RELIABLE WIRE FOR 
THE HEART OF YOUR COMPONENT 
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Electric Clip 


The miniscule tip of Mueller Electric’s 
new “Micro-gator” clip has been tailored 
to fit the non-stop shrinkage in size of 
many electrical and electronic compo- 
nents. Insulator and all, the business end 
of the inch-long Micro-gator is no larger 
than a-pin head, allowing its use on the 
smallest, tightest-packed terminals, ac- 
cording to the manufacturer. 
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Ceramic Diode Closure 


A new ceramic diode closure which 
meets the hermetic requirements of MIL 
specifications, and is suitable for thermal 
cycling between —65° C and +150° C, is 
now available in both standard and spe- 
cial sizes from Metalizing Industries, Inc., 
an Accurate Soecialties subsidiary. Ad- 
vantages are: a true hermetic seal, leads 
can be bent or vibrated with no impair- 


ment of the seal, diode will not de-rate 
after extended storage, requires no final 
finishing to render it oxidization resist- 
ant, inorganic ceramic housing will not 
affect the semiconductor junction, can be 
sealed in a matter of seconds using pro- 
duction solder techniques. 
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Small Space Cooler 


Delta-T Semiconductor Cooler Model 
NC-401 is designed to achieve maximum 
cooling in minimum space. Models with 


thermal resistances from 28° C/W to 
8° C/W for natural convection, and as 
low as .25° C/W for forced convection, 
are available from Wakefield Engineering. 
Optimum spacing of aluminum fins and 
high base conductivity achieves maxi- 
mum efficiency per unit weight. 
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Freezing Point Standards 


Freezing Point Standards, furnish!) 
with National Bureau of Standards cer:)_ 
fied freezing point samples, introduci\ 
by Temptron, Inc., provide an accuray 
and convenient means of reproduci: 
primary and secondary points in the I 
ternational Temperature Scale for t. 
calibration of temperature sensing d 
vices. Features include automatic ter 
perature control, rapid warm-up, leq 
freeze-out time (15-20 minutes), and sini 
plicity of operation. The apparatus is «, 
signed to utilize the methods specified |) 
Section 3.1 of NBS Bulletin 590, “Meth: a} 
of Testing Thermocouples and Therry 
couple Materials.” The Standards a 
shipped complete and ready for use wit 
the certified metal samples contained 
ultra-pure graphite crucibles and hei 
metically sealed to prevent contamina 
tion. 
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Heat Treating Furnace 


Those performing critical heat treatin 
processes will find recently announced 
Pereco Electric Hydrogen Reduction Fu 


nace of special interest. Model SNX-1024 
3-zone straight-line unit is designed fc 
hydrogen atmosphere. It consists of ax 
insulated pre-heat zone, a central hig 
temperature zone, and a_ water-coole 
exit zone. Depending upon the maximux 
operating temperature requirements, thi 
unit may be equipped with an alloy muti 
fle (900° F) or with a ceramic muffil 
(2600° F). Power requirements are 35 kw 
440/60/3. 
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Large Capacity Ultrasonic Cleaner 


Will’s new model SG-3 Ultrasoni. 
Cleaner is designed for use with tank 
up to 8 gallons capacity. Although simi 
lar in design to prototype Model SG-:. 
the new unit develops twice the powez 
400 watts, enabling the cleaner to maine 
tain the same cavitation strength despit 


the larger tank volume. Offers compac 
assembly on a single chassis of both tan! 


and generator; tough magnetostrictiv 
transducer that will not overheat loy 
temperature solutions and will operat 
effectively in fluids up to 400° F. 
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Voltage Monitor 


Model 86 Voltage Monitor, a new instru- 
ment designed to protect costly equip- 
ment, especially large groups of tran- 
sistors in life runs, has been introduced 
by Electronic Measurements Company. 
Continuously monitors d-c power supply 
output anywhere in the range from 0 to 
100 volts, permitting voltage excursions 
only within a certain bandwidth above 
and below a nominal selected voltage. 
Protective operating speed, including re- 
lay actuation, is approximately 20 milli- 
seconds. Protective operating speeds on 
the order of 50 to 100 microseconds can 
be obtained by using the protect signal 
to turn off a transistor switch in series 
with the power supply output. A silicon 
controlled rectifier shunted across the 
output can be turned on by the protect 
signal in 10 to 20 microseconds. 
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Pyrex Capillaries 


A new line of Pyrex glass capillary 
tubes for thermal compression semicon- 
ductor lead bonding machines is an- 


nounced by Diotran Pacific. These are 
precision drawn to accommodate wire 
diameter sizes ranging from 0.0005” 
through 0.005”. Smaller or larger sizes can 
be made to order. The tubes are manu- 
factured under closely controlled proc- 
esses to insure uniformity and to mini- 
mize gold wire abrasion under use, thus 
increasing useful life of capillary. 
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Power Supplies 


PRL Electronics announces a new line 
of transistor regulated power supplies 
providing up to 72 Watts of tightly regu- 
lated power in a 5” high, 844” wide and 
124%” portable unit, without the use of 
blowers. The ST line features a recovery 
time of less than 25 microseconds, line 
regulation of +0.03%, load regulation of 
0.05% and ripple of less than 1 MV RMS. 
Remote programming, remote sensing, 
series or parallel operation and current 
limiting protection are all included. 
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(Continued on next page) 


APPARATUS DIVISION 
PLANTS IN HOUSTON 


ANDO DALLAS. TEXAS 


NEW from TI 


CRYSTAL 
RESISTIVITY 
METER 


Measures bulk or slice material 


Compact and portable 


Texas Instruments new, fully-transistorized 
Model 635 Crystal p Meter is the first portable, a-c 
instrument designed to measure both bulk and slice 
resistivity of semiconductor crystals. More accurate 
and stable readings are achieved by reducing the effect 
of noise and stray pick-up. 


The TI Crystal Resistivity Meter uses a 
1000-cycle, square-wave, constant-current source with 
superimposed d-c bias on probe points to reduce point 
contact resistance. Ten ranges, selectable by front 
panel range switch, measure resistivities from .01 to 
300 ohm-centimeters, full-scale. 


A slice adapter measures resistivity of slices 
from .007 to .0387 inch in thickness. Precision jeweled 
TI probes are available for measurements of ger- 
manium or silicon. The meter can be calibrated for use 
with other probes having contact spacings from .030 
to .080 inch. 


Write for complete information. 


INCORPORATED 
3609 BUFFALO SPEEDWAY 
P. O. BOX 6027 HOUSTON 6. TEXAS 
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Adaptable for use with other probes 


.TEXAS INSTRUMENTS 


2 


029/. 


ACCURACY 
GUARANTEED 


NEW GREIBACH 
SELECTIVE EXPANSION 


PRECISION METERS 


the only meter with 
effective 5 ft. scale 
and .025% accuracy 


Read direct, then expand! No .guesswork, no 
hunting for scales, no missed readings- Take 
your sample quickly, then expand the 10-divi- 
sions you want to a full length 100-division 
scale. Read the 3rd significant figure exactly 

. estimate the 4th figure! Single and multi- 
range combinations are available in one 
compact meter . for panel 
or portable use. In addition 
it includes all of the well- 
known Greibach features: no-fric- 
tion Bifilar movement and weight- 
less light beam pointer, with 
inherent durability, ruggedness 
and extraordinary overload capac- 
ity. For full details on ‘’Selective- 
Expansion” and other Greibach 
Precision meters, write, wire, 

oReRethee Phone today 
: for our com- 
plete 20-page 


GREIBACH 


INSTRUMENTS CORPORATION 


323 North Avenue, New Rochelle, N.Y. | 
Phone: NEw Rochelle 3-7900 
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Thermoelectric Modules 


Materials Electronic Products Corp. 
(MELCOR) announced the availability of 
high-efficiency thermoelectric material 
and modules for power generation. These 
units can be used at the temperature 
range of from —100 to +200°C. Conversion 
efficiencies up to 6% can be achieved over 
the temperature range 0 to 200°C. Mate- 
rials and modules are of a new Bismuth 


telluride type alloy. 
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Transistor Transformer Selector Kit 


Microtran Company, Inc. announces the 
availability of a new transistor trans- 
former selector kit composed of 9 sub- 
miniature transformers. Also furnished is 
a Nomograph for determining correct 
output impedances of Class A and B tran- 
sistor amplifiers; a conversion chart from 
DBM to MW; a short form guide to MIL- 
T-27A; a Cross Reference Index, and 
terminal connections sheet. The imped- 
ance ratings of these transformers cover 
a range of 150 through 200,000 ohms which 
will match most of the new transistors. 
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Terminal Board Assembly 


Cambridge Thermionic Corporation an- 
nounces a new component clip terminal 
board assembly suitable for quick dis- 
connect of all types of components. Cam- 
bion 1422 comes completely supplied and 
assembled with spring loaded diode clips 
for easy and positive use by the design 
engineer. It is extremely useful for semi- 
conductor aging racks and in making pro- 
totypes, testing and in test labs. This 
component board is manufactured from 
GSG Laminated Silicone Glass Cloth Per 
Mil-P-997B and measures 2” x 131%”. 
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BACK ISSUES 
AVAILABLE 


1.00 Each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—Sept, Nov, Dec. 


1960—March, May, June, July, 
Aug, Sept, Nov. 


1961—Mar, Apr. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 


300 W. 43 St. New York, N. Y. 


scientists 
and 
engineers 


experienced in development 
, and manufacture of 


TRANSISTORS and DIODES 


During the past year the 
Hughes Semiconductor 
Division in Newport Beach 
has been reorganized into 

| product lines to provide a 

_ closely knit team of 

" management, engineering, 
and production for each area. 


New and advanced products 
and growing production 
create professional 
requirements in the 
following areas: 


# Advanced Semiconductors 
Devices 


= Circuit Design & 
Development 
= Diode Product Engineering 


= Materials Preparation 
and Evaluation 


= SemiconductorApplications 


= Process Controls 
Engineering 

= Transistor Product 
Engineering 


If you are interested and 
have applicable experience, 
please send your resume to: 


Mr. W. E. Klinger 

Office of Technical Placement 
Hughes Semiconductor 
Division 

POR BoNzis 

Newport Beach, California 


At Hughes, all qualified 
applicants receive consideration 
for employment without regard 
to race, creed, color or 

national origin. 


Creating a new world with Electronics 


HUGHES AIRCRAFT COMPANY 
SEMICONDUCTOR DIVISION 
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Device 


Applications 


The Delcon Corporation of Palo Alto, 
California, announces a compact tran- 
sistorized speech scrambler to insure pri- 
vacy for all users of two-way radio. 


A fully transistorized solid state desk 
ealculator with instant response and no 


'moving parts is announced by Electro- 


solids Corporation of Los Angeles. 


A transistorized, high-gain, low-noise 
amplifier is available from Quan-Tech 
Laboratories, Inc., Boonton, New Jersey. 


A transistorized version of an image 


orthicon closed circuit television camera 


has been developed by Dage Division, 
Thompson Ramo Wooldridge Inc., Michi- 
gan City, Ind. 


American Electronics Company, Min- 


» neapolis, offers a converter containing a 


transistor circuit which provides overload 


and short-circuit protection and assures 


trouble-free operation. 


A portable transistorized alpha-beta- 
gamma meter was introduced recently 
by Anton Electronic Laboratories, Brook- 
lyn, N. Y., a division of The Lionel 
Corporation. 


A completely transistorized d-c volt- 
meter has been developed by Cubic Cor- 
poration, San Diego, Calif. 


REVOLUTIONARY 
EDUCTOR-TUBE DEVICE 
: SIMPLIFIES 
MM a SMALL PART HANDLING 


Unique Penfield Pickup uses 1-2 psi of air or inert 
nitrogen to pick up and release minute particles. 
Negative pressure created at hypodermic needle point 
is sufficient to hold germanium, silicon, other minus- 
cule parts. To release the held particle, operator 
merely finger-stops an orifice in the eductor-tube. Use 
of Penfield Pickups eliminates all foot switches, sole- 
noids, costly vacuum equipment, troublesome plugging 
problems. Send for trial sample ($10.75 each, Postage 
Paid) and see for yourself. 


Penfield Manufacturing Co., Inc. 
Telephone: BEverly 5-1694 
19Y High School Ave., Meriden, Conn. 


Serving the Electronics Industry with lon Exchange 
Systems «+ Filters » Weir Washers + Parts Baskets 


U/ 
Uf 
U!/ 


Electronic-grade 


chemicals & solvents, 
low in metals, 
with individual 
lot analyses, 
handy packaging, 
direct from stock 


For use where unwanted metal atoms can upset electronic be- 
havior of products, Fisher has developed 70 ultra-high purity 
chemicals and solvents, each bearing an individual lot analysis 
attesting to rigidly controlled purity. Attractively priced, conven- 
iently packaged to your requirements in any quantities you specify. 
For data on your needs, write to the ‘‘Electronic Chemicals Dept., 


Fisher Scientific Co., 1 Reagent Lane, FairLawn, N.J.” 


Acid etches 

Acetic acid, glacial 
Acetone 

Aluminum nitrate 
Aluminum sulfate 
Ammonium carbonate 
Ammonium chloride 
Ammonium hydroxide 
Ammonium phosphate 
Antimony trioxide 
Barium acetate 
Barium carbonate 
Barium fluoride 
Barium nitrate 
Benzene 

Boric acid 

Cadmium chloride 
Cadmium fluoborate 50% 
Cadmium nitrate 
Cadmium sulfate 
Calcium carbonate 
Calcium chloride 
Calcium fluoride 
Calcium nitrate 
Calcium phosphate 
Carbon tetrachloride 
Cobalt carbonate 
Cobalt oxide 


Cobalt nitrate 

Ether, anhydrous 
Hydrochloric acid 
Hydrofluoric acid 


Hydrogen peroxide 3%, 30% 


Lithium carbonate 
Lithium chloride 
Lithium nitrate 
Lithium sulfate 
Magnesium carbonate 
Magnesium chloride 
Magnesium oxide 
Manganese dioxide 
Manganese nitrate 50% 
Manganous carbonate 
Methanol 

Nickel carbonate 
Nickel oxide, black 
Nickel oxide, green 
Nickelous chloride 
Nickelous nitrate 
Nickelous sulfate 
Nitric acid 

Petroleum ether 
Potassium dichromate 
Potassium hydroxide 
iso-Propyl alcohol 
Silicie acid 


Sodium carbonate 
Sodium chloride 
Sodium hydroxide 
Sodium phosphate, dibasic 
Strontium carbonate 
Strontium nitrate 
Sulfuric acid 
Toluene 
Trichloroethylene 
Xylene 

Zine chloride 

Zine nitrate 

Zine oxide 


Fisher solvents are safety-packed in 
shockproof-cartons, 4 gallons to a case, 


are FISHER SCIENTIFIC 


World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


Boston «+ Chicago « Fort Worth «+ Houston * NewYork «+ Odessa, Texas 
Philadelphia « Pittsburgh « St.Louis * Washington « Montreal » Toronto 
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W. C. ‘BILL’ PINE 
Hayes Chief 
Metallurgist, 
reports on 


SZ 


BRAZING *« ALLOYING 
OUTGASSING ¢ BAKE-OUT 


HIGH PRODUCTION RATES for 
alloying diodes, and brazing and 
outgassing tube components are 
assured with the new Hayes VAC- 
50 Series Cubicle Vacu-Master® — 
a compact, cold-wall vacuum fur- 
nace featuring full-size components 
consolidated into an attractive, 
space-saving cabinet. Also other 
outgassing and bake-out applica- 
tions, as well. 

IDEAL FOR SMALL JOB SHOPS, 
labs, and production lines where 
space is re- ‘ 
Situncutyend:s 
VAC-SO0 is an 
integrated 
package, 
ready to be in- 
stalled any- 
where, simply 
by hooking up 
water and 
power con- 
nections. 
(Standard size 
has 8” dia. x 14” deep work area.) 
RAPID CYCLING is a big produc- 
tion plus. Max. temps. to 1200°C 
and vacuums to 10-4, 10-5 mm. Hg. 
or lower can be developed in a 
matter of minutes, and cooling is 
almost as rapid. Versatile, too, the 
standard unit is easily modified by 
change of element, baffles, etc. for 
heats to 1800°C. max. (7” dia. x 
12” deep work area). 

SIMPLIFIED WORK HANDLING 
is built-in. Heating chamber door 
and operating controls are on front 
of panel. A manually operated 
pedestal transfers work load from 
lower cooling section to stainless 
steel heating chamber. 
WIDE-OPEN ACCESSIBILITY 
through removable panels permits 
easy servicing. Fully-jacketed cold- 
wall furnace chamber prevents 
heat-up of auxiliary equipment, 
instruments, and surrounding area. 
Circuit is protected by automatic 
current limiting. 

RESULTS GUARANTEED! The 
Hayes answer to your heat treat 
problem comes as a complete pack- 
age...including free start-up 
service in your 
plant, and full 
instruction of 
your staff. 
Write today 
for Bulletin 
6010B, to C. I. 
Hayes, Inc., 
847 Welling- 
ton Ave., 
Cranston 10, 
Rhode Island. 


C. 1. HAYES, inc. 


Established 1905 


eee SIE ~ 
ELECTRIC g 
Ta I UR ACES 


It Pays To See Hayes for metallurgical 
guidance, lab. facilities, furnaces, atmos. 
generators, gas and liquid dryers, pHayes- 
master (TM) power amplifier controls. 

ee Eetneensnenen see” 
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New 
Literature 


Semi-Alloys Inc. announces the avail- 
ability of literature dealing with the melt- 
ing point of alloys. most: commonly used 
in the fabrication of semiconductor prod- 
ucts. The four basic alloys described are 
Aluminum, Gold, Indium and Silver, and 
depending on particular composition, the 
various melting points range from 29.8° 
C. to 1430° C. Alloying elements include, 
Boron, Gallium, Germanium, Antimony, 
Silicon, Tin, Silver, Aluminum, Lead, 
Cadmium, Phosphorus, Selenium, Tel- 
lurium, Magnesium, Arsenic, Nickel, Cop- 
per and Indium. 
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Newly-issued two page data sheet #113" 


covering a 600 ampere surge test set that 
permits surge testing of silicon rectifiers 
in accordance with JAN specifications, is 
announced by Wallson Associates, Inc. 
The reference provides full information 
as to features, specifications and price. 
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A “Semiconductor Selector Guide” 
which includes technical data on 43 de- 
vices for military applications, has been 
announced by Sylvania Electric Products 
Inc. The new 16-page brochure lists the 
mechanical construction and electrical 
ratings of every transistor, diode, rectifier, 
and microwave diode in the company’s 
500-type semiconductor line. 
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An automatic organic spray coating 
machine for rapid, continuous finishing 
of electrical and electronic components 
having axial leads is described in a new 
brochure now available from Conforming 
Matrix Corporation. 

Circle 148 on Reader Service Card 


A new, 24-page, catalog of laboratory 
plastic ware is available from Will Cor- 
poration. The new brochure features 
plastic ware of all types: beakers, bottles, 
buckets, funnels, gloves, graduated cyl- 
inders, stirring apparatus, tubing, con- 
nectors, etc. 
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Accurate Specialties Co. Inc., an- 
nounces the availability of a new semi- 
conductor alloy preform selector chart 
which lists 56 different alloys arranged 
in order of solidus and liquidus tempera- 
tures. The engineer can easily refer to the 
temperature range he is looking for and 
find which alloys are available. 
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More than 150 different silicon diffused 
rectifiers are described in a new catalog 
offered by Raytheon Company’s Semicon- 
ductor Division. Illustrations and com- 
plete mechanical and electrical specifica- 
tions cover units ranging from 50 to 600 
volts PIV and from 250 milliamperes to 22 
amperes. 
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RESEARCH 
BY 
SOVIET 
EXPERTS 


TRANSLATED BY 
WESTERN SCIENTISTS 


CONTEMPORARY PROBLEMS 
OF METALLURGY 


Edited by A. H. Samarin 


Published by Consultants Bureau for 
the Board of Governors of Acta Metal- 4 
lurgica under a grant from the Nationai I 
Science Foundation. 

Offers Western scientists a compre- - 
hensive review of the most significant 
research and industrial applications in }) 
the field of metallurgy developed in the » 
Soviet Union, China and East Germany. || 
$16.00 } 


: 
1 
i 
| 
| 


530 pages 


THE METALLURGY 
OF SEMICONDUCTORS 


by Yu. M. Shashkov 


In this up-to-date survey of semicon- : 
ductor metallurgy, the two main semi- ‘| 
conductor materialsk—germanium and ! 
silicon—and their physical and chemi- 
al properties are discussed. A detailed | 
review of chemical methods of purify- 
ing these elements is followed by a 
description of metallurgical methods of 
purification. 

208 pages $9.50 


THE PHYSICAL BASIS OF 
POLARIZED EMISSION 


(Polarized Luminescence of Atoms, 
Molecules, and Crystals ) 
by P. P. Feofilov 

This is the first work to systematize 
the problems associated with the spec- 
troscopy of polarized radiation. 

Explanations of the phenomena un- 
der review are explored with the aid 
of concepts of the anisotropy of the ele- 
mentary process of absorption and 
emission, based on the fundamental 
principles of both the classical and the 
quantum theory of radiation—one of 


the chief aims of the book being to | 
establish the range of applicability of | 
various basic theories. 


appx. 288 pages $12.50 | 


a CONSULTANTS BUREAU 


227 W.17 ST., NEW YORK 11, N. Y. 


Circle No. 45 on Reader Service Card 


poklet gives a detailed presentation of 
ektronix special-purpose test instru- 
ents. These include a _direct-reading 
-C Meter, an Indicator Unit, a Wave- 
ym Generator, 2 Pulse Generators, and 
Power Supplies. The booklet contains 
yecifications, performance  character- 
ities, pertinent illustrations for various 
ieorement applications. 


sake! in catalog style, a new 12-page 
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/General Electric Company has pub- 
ished a 96-page book on how to use tun- 
‘el diodes in electronic circuits. The new 
‘pplication manual is intended to be a 
‘eference source for circuit design engi- 
yeers, and is similar to, and follows the 
sattern set by GE’s Transistor Manual. 
The circuit application information is 
livided into four different chapters. These 
sover amplifiers, oscillators, switches, and 
ogic circuits. In addition the Manual 
contains extensive chapters on tunnel 
liode ratings and characteristics and test 
ireuits. 
Circle 153 on Reader Service Card 


' Research Chemicals has just issued a re- 
vised data sheet and price listing on its 
tare earth metals. The revised data in- 
slude the best current estimates of melt- 
ing point and boiling point of the indi- 
vidual rare earth metals, as well as 
density and atomic radius constants. 
Prices are listed for quantities from 10 
grams through pounds. 
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A 12-page brochure describes a number 
of transistor testers of both the go no-go 
and absolute readout types designed and 
built by the Instrumentation Section of 
Fairchild Semiconductor Corporation. A 
description of typical testers and their 
salient features with test ranges, readout 
accuracy and resolution is presented in 
the brochure. 
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The Sperry Semiconductor Division of 
Sperry Rand Corporation has issued a 
new spec sheet on five p-n-p silicon al- 
loy junction transistors types 2N1219 
through 2N1223. Comprehensive electrical 
data and characteristics are listed. 
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A brochure from Owen Laboratories, 
Inc., describes Semiconductor Test Sets 
for use in circuit design and quality con- 
trol. Testing of small, medium and large 
transistors, diodes, Zeners, SCRs, VJTs, 
Switching devices, high current SCRs and 
rectifiers is covered in detail. Parameters 
that can be measured are also listed. 
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Electronic Research Associates, Inc., 
announces the availability of a new two 
color catalog sheet #122 which describes 
the company’s recent additions to their 
high current Transpac line of miniatur- 
ized power packs. The catalog sheet pro- 
vides full descriptive and technical in- 
formation. 
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Publication of a new catalog on high 
vacuum technology and products has been 
announced by the Vacuum Products Di- 
Vision, Varian Associates. The 16-page 
catalog is illustrated with photographs 
and diagrams. 
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The UNITRON Model TM is more than 
just a measuring microscope. It is the 
only instrument which combines in one 
stand a completely equipped tool- 
makers microscope for precise measure- 
ments — LENGTH, WIDTH and DEPTH, 
and a metallurgical microscope for 
examining the structure of polished 
metal samples under high magnification. 


NOTE THESE QUALITY OPTICAL & MECHANICAL FEATURES 


@ Objectives: achromatic, coated, 3X, M10X, M40X. 
Eyepiece: coated Kel0X with crosshair. 


@ Magnifications: 30X, 100X, 400X; up to 2000X 
with accessories. 


@ Focusing: Both dual control rack and pinion coarse 
and micrometer-screw type fine adjustments. Body 
has locking device. 


@ Three Iiluminators: sub-stage, surface and vertical, 
have variable intensity. 


In fitted hardwood cabinet 


UNITRON’S OFFER: b 
a 10-Day trial of a TM in your plant — 
without any cost or obligation. I 


TREND IS 


@ Combination Stage: rectangular ball bearing with 
linear measurements to 0.0001” and rotary measure- 
ments to 5’ with vernier. (Metric model available on 
special order.) 


@ Depth Indicator: measures in units of 0.0001” by 
“optical contact” with specimen. 


@ Projection Screen: available as accessory for 
optical comparison. 


@ Eyepiece Turret: available as accessory for meas- 
uring surfaces, radii, thread pitch etc. 


UNITRON 


INSTRUMENT COMPANY e MICROSCOPE SALES DIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 


Please rush to me, UNITRON's Microscope Catalog. 47-0 h 
Name or 

Company. { 
Street t 


ity State 


| Ci 
THE TREND IS TO UNITRON Len ca ces mee et ee ee ee ee oe oe ol 
THE 


TO UNITRON 
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NEW SERVICE NOW AVAILABLE 


SEMICONDUCTOR PRODUCTS is making 
a new source of information available to 
all firms interested in being kept up to 
date on materials or equipment for pro- 
ducing semiconductor devices. If you wish 
to receive all new literature on silicon, 
gremanium, chemicals, machinery, or 
other such materials, circle #99 on the 
reader-service card. Your name will be 


placed on a special list which will be for- 
warded to ali such suppliers. As these 
suppliers have news available in their 
field, you’ll be notified by them immedi- 
ately. This service is restricted to firms 
manufacturing semiconductor devices or 
firms contemplating entering into produc- 
tion within 120 days. 
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HIGHEST PURITY 
PRECISELY DEFINED 


to meet critical 
electronic manufacturing 
needs 


J. T. Baker 


ELECTRONIC 
CHEMICALS 


‘Baker Analyzed’ €ézgeac# 


NMI-CONDUCTOR CHEMICALS 


FERRITE AND 
THERMISTOR CHEMICALS 


EMISSION CHEMICALS 


J. T. Baker electronic chemicals offer 
you the highest standards of purity in 
the industry — proved by the Actual Lot 
Analysis and Actual Lot Assay on the 
label. Your variables are minimized... 
rejections are fewer...product per- 
formance is improved. 


IMPORTANT. ‘Baker Analyzed’ Reagents 
have consistently met or exceeded the 
requirements of the electronics indus- 
try. Through a continuing program of 
establishing additional and more strin- 
gent specifications, the‘ Baker Analyzed’ 
label consistently defines a degree of 
purity so high that special electronic 
labeling is unnecessary. 


YOURS FOR THE ASKING — 
Important Guide to Electronic Chemicals 


Describes J. T. Baker chemicals of excep- 
tional purity for semi-conductors, vacuum 
tubes, ferrites, thermistors, etc. Also in- 
cludes specification sheets that define the 


high standards for ‘Baker 
aN 


Analyzed’ Reagents. Write 
for your copy today. J.T.Baker 


sf 


J.T. Baker Chemical Co. 


Phillipsburg, New Jersey 
2 
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Personnel 
Notes 


Kahle Engineering, designers and build- 
ers of machinery for the electronics in- 
dustry, announces that William T. Engel 
has been appointed Chief Engineer, in 
charge of the Engineering & Design De- 
partment. 


The appointment of William R. Weir to 
the newly-created position of national 
sales manager for the Semiconductor Di- 
vision of Sylvania Electric Products Inc., 
Woburn, Mass., has been announced by 
Ernest H. Ulm, general marketing man- 
ager for the division. 


The following appointments for Allied 
Chemical’s General Chemical Division 
have been announced by James W. 
Swaine, vice president. All are headquar- 
tered at the Camden, N. J. Engineering 
Department. James M. Jans, assistant 
chief engineer for the past 13 years, has 
been named chief engineer. Reporting di- 
rectly to him are: Robert G. Bierbower, 
manager of engineering administration, 
John L. Ciba, manager of design engineer- 
ing, Charles W. Gaylord, manager of proc- 
ess engineering, James Jaffe, manager of 
process engineering. 


Dr. Herbert E. Morris, director of the 
Boston Laboratories of Monsanto Re- 
search Corporation at Everett, Mass., has 
been appointed technical director of the 
corporation effective immediately, How- 
ard K. Nason, MRC president. announced 
recently. 


Appointment of Edgar Pollacek as su- 
pervisor of sales for industrial selenium 
rectifiers manufactured by the Selenium 
Division of Radio Receptor Company, 
subsidiary of General Instrument Corpo- 
ration, is announced by Arno Nash, Vice 
President and General Manager of the 
Division. 


Thomas D. Bushman has been appointed 
Product Manager of Semiconductor Proc- 
essing Equipment at Norton Company’s 
Machine Tool Division. In this position, 
he will be responsible for developing and 
coordinating sales of the newly announced 
line of machines for the slicing and lap- 
ping of materials such as germanium and 
silicon used in making transistors and 
similar electronic products. 


Promotion of two sales executives at 
Hevi-Duty Electric Company, Watertown, 
Wis., has been announced by General 
Sales Manager A. W. Frank. R. G. Marti- 
nek has been named product sales man- 
ager of the firm’s five furnace and oven 
product lines. C. A. Newton has become 
product manager of the light industrial 
furnace line. 


Standard Rectifier Corporation, Santa 
Ana, Calif., recently announced the ap- 
pointment of Fred Troy as West Coast 
district sales manager, according to Ted 
Phillips, national sales manager. 


Election of Frank F. Cleminshaw as 
Treasurer of General Instrument Corpo- 


ration was announced by Board Chairman 
Martin H. Benedek. 


Demineralizing 


Equipment NEW 
rom 


Fully ‘‘Packaged”’ ") 
System Supplies 
125-150 GPH of 


Penfield’s new S-150 Demineralizing System | 
cludes multiple influent filters to remove turbidi=iy, 
master dual-column demineralizer, scavenging ca,} 
bon filter, polishing mono-column demineralize 
sub-micron effluent filter — all completely “‘pacly 
aged” on a single skid, ready to deliver a 
effluent of 18 megohms and better upon simpli 
connection to service lines. (Other fully ‘‘paci’ 
aged’’ Penfield systems available with capacitiei: 
from 60 to 10,000 GPH.) 


Pressure-Type 

Demineralizer 

“Polishes” to 
Ultra-High Purity 
at Point-of-Use 


The Penfield PM-8 Demineralizer supplies up to 5t& 
GPH of 18-22 megohm water — is ideal for pointhl 
of-use ‘‘polishing.’’ Permanent cartridge desigig 
prevents raw water by-pass experienced witl 
“canned’’ resin units. Cartridge unscrews by haner 
to permit easy resin renewal from bulk suppliese? 


cation exchanger, anion exchanger, carbon filter: 
oxygen or organic remover, and is adaptable foi 
scavenging oil from gases. { 


In-Plant 
Regeneration Unit 
Saves 90% of Costsi 
of Demineralized 
Water 


A Penfield Regeneration Unit makes the renewa 
of exhausted resins from Point-of-Use Deminer# 
alizers an easy in-plant function. Operator merely 
feeds resin into unit, then turns a single maste 
switch to control resin separation, regeneration» 
rinsing and proper re-mixing. Average operatin 
cost, including all labor and regenerants, is less 
than 30c per cartridge. 


Fully Integrated 
Weir Washer 
“Polishes,” 

Heats, Monitors, 

Cascading Water 


Integral filters and pressure-type demineralizers: 
enable circulation of 18-22 megohm water through ' 
multiple partitioned tank of a special weir design’ 
that precludes stagnation. Direct reading conduc-: 
tivity meter permits instant monitoring at any of | 
three check points. Novel clip bar makes replacing | 
heat elements simple. (Penfield also constructs 
weir washer tanks in standard sizes or to cus-. 
tomer specifications, using a wide variety of ma- 
terials such as block tin, cast acrylic plastic, etc.) 


15 years of ion exchange pioneering means 
that Penfield has on file field-proved 
answers to most industrial water prob- 
lems — usually can detail the system you 
need by phone, ship your completely ‘‘pack- 
aged’’ units in a matter of days. Try a 
phone call or letter and see for yourself. 


Manufacturing Co., Inc. 


Telephone: BEverly 5-1694 
19C High School Ave., Meriden, Conn, 


Serving the Electronics Industry with lon Exchange 
Systems © Filters * Weir Washers « Parts Baskets 


Circle No. 48 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e JUNE 196 


Philco Corporation has announced the 
pointment of Thomas J. Anthony as a 
‘gional sales engineer for the Lansdale 
ivision’s semiconductor operations. 
jemiconductor sales manager, William F. 
Maher explained that Mr. Anthony has 
j2een assigned to the division’s southwest 
gional office located at 310 South Bumby 
eet, Orlando, Florida. 


Frederick R. Lack has been named to 
ne newly created post of senior vice 
resident in charge of research of the 
ees Electric Company, it was an- 
ounced by Robert C. Sprague, chairman 
if the board and chief executive officer. 
lection of Mr. Lack by the Board of Di- 
rectors followed the annual meeting of 
‘tockholders at which Neal W. Welch and 
Xr. Wilbur A. Lazier were added to the 
hoard to expand its membership to 
welve. 


Joseph Almeida has been appointed a 
istrict sales manager for the General 
ectric Company’s Semiconductor Prod- 
cts Department, Syracuse, N. Y. He will 
all on original equipment manufacturers 
Virginia and North Carolina from sales 
offices in the company’s Carroll Ave. 
plant, Lynchburg, Va. 


. Lester Avnet, president of Avnet Elec- 
tronics Corporation, announced the fol- 
lowing executive promotions: Myron 
Newberger, President of Avnet Corpora- 
tion, west coast subsidiary; Daniel J. 
D’Addario, general manager of east coast 
operations. 


Dr. Bernd Ross has rejoined the Semi- 
conductor Division of Hoffman Electronics 
Corporation as manager of the solar de- 
velopment section and assistant technical 
director, Dr. Morton B. Prince, vice presi- 
dent and division manager, announced 
recently. 


Maurice E. Dumesnil has joined the 
technical staff of Fairchild Semiconductor 
Corporation’s Research & Development 
Laboratories. Mr. Dumesnil has been as- 
signed to the Chemistry Section where he 
will conduct research in glass, ceramics 
and related fields with respect to their 
use in the semiconductor industry. 


John E. Locke has been appointed man- 
ager of diode operations for the semicon- 
ductor division of Hughes Aircraft Com- 
pany, it was announced by David A. Hill, 
division manager. He previously was di- 
rector of administration and assistant to 
the vice-president of the company’s com- 
ponents group. 


G. William DeSousa, Marketing Man- 
ager, Sperry Semiconductor Division an- 
nounced the appointment of Jesse G. 
Moore as General Sales Manager, a new 
position with the Division. Mr. Moore will 
be responsible for all OEM, distributor, 
and international sales of this Division. 


CBS Laboratories has consolidated its 
activities in solid state physics, and Dr. 
Wolfgang W. Gaertner has been pro- 
moted to Vice President in charge of this 
area, Dr. Peter C. Goldmark, President 
and Director of Research, announced re- 
cently. The Laboratories is a division of 
Columbia Broadcasting System, Inc., and 
is located in Stamford, Conn. 


METALS 


For Use in the 


SEMI-CONDUCTOR 


Carefully drawn Gold Wire, 99.99% pure 
and exceptionally free from curl, is avail- 
able in any size down to .0005”. Supplied 
in various tempers as required .. . Recent 
developments indicate that an alloy of 2% 
Platinum—98% Gold may be successfully 
used for this application. It has great 
strength and stability. 


8% Tungsten-Platinum and 10% Iridium- 
Platinum for “S” contacts in glass-sealed 
Silicon diodes. One surface is roughened 
to improve contact characteristics ... Ex- 
ceptionally good spring characteristics of 
8% Tungsten-Platinum permit use of thin- 
ner ribbons, with savings in cost... Tung- 
sten-Platinum withstands high sealing-in 
temperatures with little, if any, loss in 
spring characteristics. 


FIELD 


Gold Wire 
for Mesa 
Bonding 


Platinum 
Alloy 
Ribbon 


Write for Latest Brochure \ 


Since 1901 


SIGMUND COHN CORP. 


121 SOUTH COLUMBUS AVENUE 
MOUNT VERNON, N.Y. 


Specialists in the Unusual 
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Graphite Facts 


by George T. Sermon, President 
United Carbon Products Co. 


Accurate “Quotes” Rate 
Realistic Quantities 


You might say that preparing quo- 
tations is simply part of the cost of 
doing business. That’s right — 
but, it’s good to remember that 
the cost of doing business ulti- 
mately affects the cost of any sup- 
plier’s end product. 


In our business of producing graph- 
ite parts for semiconductor proc- 
essing, the preparation of quotations 
for various quantities is a very 
complicated and _ time-consuming 
operation. Each new assignment is 
a new experience. We must be com- 
petitive — we must be accurate — 
and we must be able to stand be- 
hind our quotations. We’ve never 
yet had to call a customer back to 
tell him our figures were a little 
off and we just couldn’t deliver at 
the quoted price. 


Based on actual buying practices, 
however, some requests to quote are 
much more optimistic than'realistic. 
Prices are requested for quantities 
about which there is curiosity, but 
no real need. Developing these un- 
realistic quotes ultimately adds to 
the price of the end product. 


Working together — on accurate, 
realistic quotes—we can save money 
for each other. May we have the 
pleasure of quoting on your graph- 
ite needs .. . right now? 


HERES carbon products co. 


BAY CITY, MICHIGAN 


BOX 747 
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INDEX TO 
ADVERTISERS 


r reference purposes, the advertisers 
hee Ne adee all regular advertisers 
who have run within the current con- 
tract year. These advertisers who appear 
in this issue are indicated by the page 
number adjacent to their listing, and are 
shown in a bold-face type. 


Accurate Specialties Company, 
Inc. 
Aerotronic Associates, Inc. 
Allegheny Electronic Chemical 
Company : 
Allied Chemical Corporation 
General Chemical Division ... 10 
Allied Radio Corporation 
Alloys Unlimited Incorporated 
Alloys Unlimited Chemicals, Inc. 
Alpha Metals, Incorporated .... 18 
American Optical Company .... 6 
Art Wire & Stamping Company 78 
Avnet Corporation 


Baker, J. T. Chemical Company 76 
Barber-Colman Company 
Wheelco Industrial 
Instruments Division ......... 3 
Bay State Abrasive Products Co. 
Becco Chemical Division Food & 
Machinery & Chemical Corp. 
Bell Telephone Labs. .......... 26 
Birtcher Corporation, The 
Blue M Electric Company 
Boonton Electronics Corporation 
Brady, W. H. Co. 
Brinkman Instruments, Inc. 
Bronwill Division of Will 
Corporation 
Burke & James, Incorporated 


C. P. Clare Transistor Corporation 
Carborundum Company 
Ceramics For Industry, 


Corporation 
Charleston Rubber Company ... 66 
Cohn, Sigmund Corporation .... 77 


Composite Industrial Metals, Inc. 
Conforming Matrix Corporation 
Consolidated Mining & Smelting 


Company of Canada ......... 22 
Consolidated Reactive Metals, 

| FWY otgerom accor ne ica an Oe ba ars o 68 
Consultants Bureau ............ 74 
Davis-Shea, Inc. ......5...¢ 0005 66 
Davison Chemical Company 

Division of WR Grace ....... 15 
Delta Design, Incorporated ..... 65 


Design Tool Co. 

Despatch Ovens Co. 
I-Tran Corporation 
Dixon, Wm. Inc. 

Dow Corning Corporation 
Duramic Products, Inc. 
Dynatran Electronics Corporation 


Eagle-Picher Company, The 

Eisler Engineering Co., Inc. 

Electro Impulse Laboratory 

Electronic Laboratory Supply 
Company 

Electronic Metals and 

Electronic Research Associates 


Engelhard Industries, Inc. Cover III 

Epoxy Products 

Espey Mfg. & Electronics Corpo- 
ration Saratoga Semiconductor 
Division 

Ewald Instruments 


(Continued on Pg 79) 


Let us 
show you 
how our 
precision 
wire forms 
CUT 
COSTS! 


: 3 
TERMINAL 


LEADS FOR RESISTORS, DIODES, , 
TRANSISTORS, CAPACITORS, ETC. . 


Send a 


sample or blue print 
for estimates. 


When Art Wire tackles the job, big gains in 
precision and uniformity. are possible on 
small components. . . resulting in big sav- 
ings in time and production costs. In addi- 
tion, Art Wire’s modern production methods 
produce a wide variety of components more 
economically. 

Art Wire specializes in wire forms designed 
for today’s automatic production lines . . . 
manufactured to assure the economy of an 
uninterrupted work flow. 


ART WIRE AND STAMPING CO, 


29 Boyden Place, Newark 2, N. J. 
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Super-Sub-Miniature 
ransformers 


For transistor circuitry 


in servo-mechanisms, hearing 
aids, radios, telephones 


w& High reliability guaranteed. 


pm Large quantities used, with transistors, 
by leading manufacturers, 


pw Some of the most Important prototypes 
in use today are: 


Type H W D 
M-200 ...... .237. 340.280 
SOs: 20%. 263.410 .325 
AAT-408 ...... 307.376 = .325 
SM-400 ...... 400.563 485 
NA.2350. ...... 750 1 750 
GEN-2020 ...... Ye” 1%" %” 


w& Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 


® Prototypes—Designed or wound and 
enclosed to specifications. . . . Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today ... 


Frank essler Co., Inc., 41-45 47th St. 


L-1.C. 4, N.Y. + Tel: STillwell 4-0263 
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CURRENT GOVERNOR 


Model CS-111 


« Constant Current 


© Precision Current Source 
© Transistor and Diode Tester 


igh Accuracy 
r Hgh ON Excalnt Sb mab 


For testing and measurement of 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 


@ Current Range is 10a to 500 ma 
with 5 decade selectors. 

© Regulation and stability 0.05% 

© Accuracy 1% 


In use by leading companies for 
transistor avalanche test, diode 
PIV test, clutch testing, calibration. 
Literature describing this and other 


constant current sources from 0.1pa to 
30 amp. may be obtained from 


NORTH HILLS 


Electronics Co. 
Glen Cove L. I., N. Y. 
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Federated Electronics Inc. 
Fisher Scientific Co. ............ 


Garner, T. H. Company 

Gasket Manufacturing Company 

General Electric Company 
Lampglass Division 
Semiconductor Products 
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General Instruments Corp. 

Glass-Tite Industries, Inc. 
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Graphic Systems 

Greibach Instruments 
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Guardian Mfg. & Supply Corp. 


Harvey Radio Co., Inc. 

Hayes, C. I., Incorporated ...... 

Hevi-Duty Electric Company ... 

Hoffman Electronics Corporation 
Semiconductor Division 

Hughes Aircraft & Co. ......... 

Hunter Tools Company 


Indium Corporation of 
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Induction Heating 

Industrial Instruments, Inc. 

Institute of Radio Engineers 

International Business Machines 
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Johnson & Hoffman Manufac- 
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Kahle Engineering Company 
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Kewaunee Scientific Equipment 
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Kulicke & Soffa Manufacturing 
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Lindberg Engineering Company 
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Manufacturers Engineering & 
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Monsanto Chemical Company 
Mueller Electric Company 


NRC Equipment Corp. 
Nat-Tel-Tronics Corp. 

Newark Electronics Corporation 
New York Air Brake Company, 
The Kinney Manufacturing 

Division 
North Hills Electronics, Inc. 
Norton Company 


Ohio Carbon Company 
Optimized Devices, Inc. 
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HIGH FREQUENCY 
Juductiou 


», HEATING 


Lepel 


Lepel induction 
heating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
Producing progressive crystallization. 


FLOATING ZONE: & CRYSTAL PULLING 

The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments, The same basic support, program- 
ming and contro! unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 

change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and return the completed 
job with full data and recommenda- 
tions without cost or obligation. 


WRITE FOR NEW LEPEL CATALOG 


Z Lich FREQUENCY 
LALE LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77. N.Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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now...when minutes count 


LAFAYETTE 


delivers up to 57 OOO 


industrial silicon transistors 


at germanium prices 


If its new, you can expect it 
first from Lafayette—and 
now Lafayette offers silicon 
stability and reliability at 
economical germanium 
prices. 

The entire Texas 

Instrument Industrial Silicon 
Transistor Series, 

available in production 
quantities of up to 5,000 of 
each type at factory prices 
(prices for additional 
quantities quoted upon 
request). And when minutes 
count, Lafayette supplies 
same day shipment to any 
point in the U.S. from any of 
FOUR great industrial 
stocking centers. 


Texas Instruments new industrial silicon transistors provide increased 
design freedom and safer margins of design to 125°C guaranteed .. . up to 
80-v BVCBO... 70-V BVCEO ... from de to 40mc frequency ratings with a 
wide choice of current gains from 9 to 250. Meet your 100ua to 20 ma needs 
with grown junction units; 20 ma to 300 ma with mesa types. Units are typed 


and priced specifically for industrial 


application in controls, communica- 


tions, aviation systems, electronic instrumentation and computers. 


When Your Need Is Immediate,Depend On Lafayette. 


gens 2 Bers 
ERA DI O 


INDUSTRIAL 
ELECTRONICS DIVISIONS 


“ENTERPRISE”? NUMBERS IN MAJOR CITIES 


JAMAICA 

165-08 LIBERTY AVE, 
JAMAICA 33, N. Y. 
AXTEL 1-7000 

TWX: NY 4-933 


FREE DATA 


PRT tse sssesssesese esse 


NEW YORK 


100 SIXTH AVENUE 
NEW YORK 13, N.Y, 
WORTH 6-5300 
TWX: NY 1-648 


For Full 


YOUR NAME 
TITLE 
COMPANY 
ADDRESS 
CUT Ane 


Please Send A 


NEWARK BOSTON 
24 CENTRAL AVE. 110 FEDERAL ST. 
NEWARK 2, N. J. BOSTON 10, MASS. 


MARKET 2-1661 HUBBARD 2-7850 


TWX: BS-447U 
Information Write or Send Coupon 


ma mem SS a a a On oe 
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165-08 Liberty Ave., Jamaica 35, N. Y. 


pplication Notes and Design Curve on 
Texas Instrument Industrial Silicon Transistors. 
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ENGELHARD HYDROGEN DIFFUSION PURIFIER 


This Hydrogen Purifier removes all impurities (including 
oxygen, nitrogen, argon, water vapor, hydrocarbons, 
etc.) from hydrogen gas streams. Produces hydrogen 
of highest purity obtainable from dissociated ammonia, 
steam reformed natural gas or propane, commercial 
hydrogen purchased in cylinders and other hydrogen 
containing gas streams. No trace of impurities detect- 
able in purified gas. Ultra-pure product hydrogen 
obtained at lowest cost. « Available in standard sizes: 
100 c.c. per hour, 20 SCFH, 75 SCFH, and 150 SCFH. 
Larger sizes custom built to requirements. Write for 
literature. 
INDUSTRIAL EQUIPMENT DIVISION 


GAS EQUIPMENT SECTION 


113 ASTOR STREET * NEWARK, N. J. 
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PURE AND ALLOYED SILVER 
FOR ALL ELECTRONIC APPLICATIONS 


Engelhard supplies high purity silver in many alloys 
and forms including those required for all electrical 
and electronic applications. These materials provide 
outstanding corrosion resistance and electrical conduc- 
tivity. Extruded, shaped anodes for fine, more econom- 
ical plating . ..a complete line of silver brazing alloys 
and fluxes. Pure silver and silver alloys in rods, wires, 
sheets and extruded shapes... high purity powders... 
sintered stock are available. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE * NEWARK, N. J. 


C] Hydrogen Diffusion Purifier 
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LOOK TO AMERSIL FOR ALL HIGH PURITY 
FUSED QUARTZ REQUIREMENTS 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission application, labora- 
tory ware and production equipment. These products 
include standard apparatus, plain tubing in many in- 
tricate fabrications, crucibles, trays, cylindrical contain- 
ers and piping in a full range of sizes up to 25” in 
diameter. Ingots and plates are available in general 
commercial quality as well as in special optical grades. 
Amersil engineers are also prepared to assist in devel- 
oping fused quartz and silica equipment for special 
requirements. 


AMERSIL QUARTZ DIVISION 
685 RAMSEY AVENUE * HILLSIDE, N. J. 
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ExECUTIVE.GOFFICES: 


113 ASTOR STREET NEWARK 2. NEW JERSEY 


SALES OFFICES: CHICAGO + DALLAS + DETROIT + 
HOUSTON + LOS ANGELES + NEW YORK + ORLANDO + 
PROVIDENCE + SAN FRANCISCO + WASHINGTON, D. C. 
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Proven ultra-high-speed transistors 


by SPRAGUE 


2NOOIA 


the reliable switching characteristics of the field-proven 2N501A 
are now available in the 10-9 case to meet equipment needs 


@ The well known slim-line Type 2N501A Micro- 
Alloy Diffused-base Transistor, extensively used in 
critical military, industrial, and commercial applica- 
tions, is now joined by the 2N1500, in its low-height 
TO-9 case. 

@ The electrical characteristics of the 2N1500 are 
identical with those of the 2N501A. Both of these 
ultra-high-speed switching transistors will operate 
reliably at speeds up to 20 megacycles. They feature 
excellent high frequency response at very low collector 
voltages, a characteristic made possible by the place- 
ment of the collector in the diffused region of the base. 
eA precise, controlled-etching process makes it pos- 
sible to maintain high frequency characteristics down 
to saturation voltage. Therefore, you can realize all 
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Thy Ee 


2N1300 


the advantages of direct-coupled circuitry with 


loss in switching speed. 


e@ Sprague MADT* Transistors are now manufactu 
with cadmium junctions, providing an extra safe 
margin. Effects of high temperature, the major destry 
tive factor with transistors, are minimized by the sup 
conductivity of cadmium, assuring cooler operatis 
and greater reliability. 

e@ For prompt application engineering assistance, wr! 
Commercial Engineering Section, Sprague Electric © 
Concord, N.H. 

@ For complete engineering data sheets, write Technic 
Literature Section, Sprague Electric Co., 467 Marshe 
St., North Adams, Mass. 


*Trademark of Philco Corporation 
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